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PREFACE. 


This revised edition has been enlarged by the addition of 
the chapters on Tinting, Shadows, Shading, Isometrical Draw- 
ing, Oblique Projection, and Perspective. The chapters on 
Drawing Instruments and their Uses have been rewritten and 
much new matter added ; while some changes and additions 
have been made in the chapters on Projections and Topo- 
graphy. 

It is hoped that by these changes the book will prove more 
useful in the class-room, or as a guide for self-instructic)!!. 

The cuts of Drawing Instruments used in this work, 
marked K, <j& JE in the table of contents, have been kindly 
furnished by Keuffel & Es8er,No. Ill Fulton St., New York, 

D. F. T. 
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CHAPTER L 


DBAWING IN8TBI7MENTB AND MATEBIAL8. 

1 . Good instrumeutB are necessary for good work, and the 
beginner who desires to excel should procure the best. These 
can be purchased by the case, or by the piece. The latter 
being the best way, as there are sometimes pieces in the case 
which are seldom, if ever, used. After selecting the pieces a 
case can be made for them, or, if one does not wish to incur 
that expense, roll them up in a piece of chamois skin, arrang- 
ing so that tliey do not touch each other. By folding over 
one edge of the skin, and stitching together, little pockets may 
be formed for each piece. 

The following instruments will be necessary : a compass 
with pen, pencil and needle points, and lengthening bar ; hair- 
spi’ing dividers ; bow compass with pen and pencil points ; and 
one or two drawing pens. These with a drawing board, J 
square, triangles, etc., will make a sufficient outfit. 

2. Compasses, These instnimente are so well known as 
hardly to require description here. They consist of two legs, 
which are connected by a joint or hinge The extremities of 
the legs are finished with fine steel points, the upper portions 
are of brass, German silver, or some other metal that does not 
readily rust. The joint is generally made partly of steel, as 
the wear will be more equal. The joint should be accurate 
and firm, but admit of easy play without any sudden jerks in 
opening and closing the legs. If by use the joint becomes 
loose, it can be tightened with the small screw-driver which 
accompanies the instruments. The points should come accu- 
rately together when the legs are closed. 

3. Compass with movable parts. Fig. 1. repi’cseiits a good 
'form of this instrument, with its furniture, the pen, pencil, 
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and needle points, and lengthening bar. This form of needle 
point is much the best ; the shoulder of the needle should be 
large enough to prevent making a hole in the ])aper when 
used. This style of pencil point is also very convenient, being 
made for the use of leads. The lengthening bar is used in 
describing larger circles than the compasses would otherwise 
admit of. Witli some of these iiistruineuts there is a dolling 
pen, but this is not recommended as it cannot be depended 
upon. In selecting, see that the parts all fit well together. 
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4 . Ilair-sjpring dividers. These are so constructed, that 
by means of a spring and screw, the distance between the 
points may be changed without any motion at the joint. By 
turning the screw. Fig. 2, the point may be moved a very fine 
distance, thus making it very convenient for taking measure- 
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^nents from scales, ur dividing distances into equal parts, 
riie spring should be pi*etty stiff. 

5. Bow com^a^iseii. These are for diawiiig small circles 
both in pencil and ink. There are some forms made, where 
the pen and pencil points can be exchanged as in the larger 
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compasses. It is more convenient, Jiow^evcr, to liave * j 
separate instruments, one for the pen, and the other foi the 
pencil, as shown in Fig. 3. See that tlie springs are strtng. 

There are oilier forms of compasses, wliich ai’C conve.iient 
at times, but not necessary to buy at first Among thei e are 
the proportional and beam compasses. 

6. Projwrtioiial com^xisst^s. These are useful for en .-irging 
or reducing drawings. The simplcBt form, shown in Fig. 4, 
is called halves and wholes; whei-e the shorter legs .n-e half 
the length of the others, so that the distance bct>/eeii the 
points of the shorter legs will be one half of that bet veen the 
points at the other end. 

Fig. 5 shows another form of these compasses, to mil ar in 
principle to the last, but constructed so that the position of 
the joint can be changed, thus giving different p.oportions 
.between the extremities at either end. To adjust t(ie instru- 
ment, close it, and after unscrewing the nut, move the slide 



I INDUSTRIAL DRAWING. 

along until the mark across it coincides with the required 
tinnibcr, then clarnj) the nut. 

Four scales are sometimes engraved upon these compasses, 
called lines, circles, planes, and 
solids. The last two are omitted 
upon many of the instruments, as 
they are of little use. 

If the mark is brought to ^ in 
the scale of lines, the distance ab 
will be onc-third of cv/. Tf the 
mark is brought to 8 in the scale of 
circles, ah will be the chord of the 
eighth part of the circumference 
of a circle whose radius is cd. 
riace the mark at 4 in the scale of 
])lanes, and ah will be the side of 
a square, or I'adius of a '‘ircle 
whose area is one-fourth tliat of 
the square or circle formed with 
(xl. In the scale of solids, with 
the mark at 4, <^?;»will be the dia- 
meter of a sphere or edge of a 
cube whose solidity is one-fourth 
that of a sphere or (tube whose dia- 
meter or edge is C(L 

The graduation of these instru- 
ments cannot always he relied 
upon, and the accm-acy of the pro. 
portions is also affected by any 
change in the length of the legs, 
occasioned by use or breaking. 
It would be well to test their accuracy before purchasing. 

7. Beam comj>aH8es, These are for describing larger arcs 
than would be possible with the other compasses. Thei’C are 
different forms of these. In all of them there is a beam of 
wood, or metal, with two collars, one carrying a pen or pencil 
point, and the other a needle point. Fig. 6 shows a conve- 
nient form of this instrument. In this the tops of the collars 
are left open so that they can be used on any straiglil edge, 
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being clam])ed to it by means of screws. Tlie needle point ia 
clamped at otic end, while the other collar can he clamped at 
any distance from it. I3y turning the screw r/. the ]M)int h can 
be moved slightly, thus enabling oik' to adjust nicely the 
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distance between b and c. In some forms there is a scale 
upon tlie beam, but diis is not necessary and makes it more 
expensive. 

8. Drawing 2 >en., Fig. 7. This is made of two tlat pointed 
steel t)lades, oTie of winch lias a hinge-joint at its base, thus 
allowing the blades to be sufriciently sejarated for cli'aniiig 



or sharpening. The distancre between the points is regulated 
by means of a screw connecting the twm blades. This distance 
determines the width of the lines. Do not sidect one in which 
the blades are much curved. 

9. Drav)i}ig board. This is an indispensable part of the 
dranghtsman's outfit. It should be made of a thorouglily 
seasoned light wood ; pine is generally used. A board 
twenty -eight inches long, twenty imdies wide, and about one 
inch thick is a convenient size. Each end should be finished 
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with a cleat, as shown in Fig. 8, to prevent warping. Each 
side should be rubbed to a smooth plane surface, with fine 



sand-paper. The edges should be straight and at right angles 
to each other. 

10. T square. This consists of a long thin blade, with a 
head at right angles to it ; fig. 9 is a good pattern, where the 
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blade is simply laid upon the head and scjcwcd to it. Any 
fine-grained hard wood will do for material, pear-wood is very 
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good. Sometimes metal is used, and for accuracy it would 
be the best ; but as it rusts and tarnishes easily, the paper is 
liable to be soiled. The blade should be about the same 
length as the board. For a blade thirty inches in length, in 
order to be sufficiently stiff, the width should be at least two 
and a half inches, and the thickness one-eighth of an inchu 
The head is generally made of one piece, although sometimeB 
of two, one on either side of the blade, as shown in fig. 10. 
One of these pieces is fixed while the otlier can be clamped 
at any angle with tlie blade; so that, if the square is turned 
over and used with this side of the head against the edge of 
the board, parallel lines may be drawn making a correspond* 
ing angle with the sides of the board. This is not used very 
much, a^ it cannot be clamped sutiiciently tight to prevent 
displacement by a slight ru]), or any great pressure upon the 
blade. 

11. TnaiKjles. These are made of different materials, as 
wood, metal, rubber, etc., the last being the best ; metal tri* 
angles are open to the same objection that metal scpiares are. 
Triangles are made solid or open, as shown in fig. 11, the 




open ones being the most convenient to handle. The 
draughtsman requires two of these, one having angles of 90®, 
45°, 45°, while the other has angles of 90°, GO®, 30®. A con- 
venient size is from six to ten inches on side. 

12. Irregular curves. These are for tracing curves, other 
than arcs of circles, wdiich are determined by points. Those 
made of thin pear-wood will be found to answer well. They 
have a great variety of shapes, so that one is at a loss which 
to select. Choose one with carves of both small and large 
radius. 
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13. India ink. It is important to have this material of the 
best quality, as it is used exclusively for all black lines. 
Good India ink, when broken across, should have a shining 
and somewhat golden lustre. If an end of it is wetted and 
rubbed on the thumb-nail, it should have a pasty feel, free 
from grains, and exliale an odor of musk ; when dried the 
end should present a shiny and gulden-hucd surface. Ink of 
inferior quality is of a dull bluish color, and when wetted 
and rubbed on the nail feels granular; also when rubbed up 
in water it settles; whereas good ink remains thoroughly dif- 
fused through the water. 

14. Colors, Windsor and Newton’s water ct)lors are con 
sidered the liest. Thei*e are two sizes of cakes, called the 
whole and half cakes. The moist colors which come in porce- 
lain dishes are equally good, and arc preferred by some, as 
the cakes are liable to crack and crum])le. 

15. Jnk saucers. These come in nests of four or six, and 
are ver) convenient for pi'eserving tlie colors after they arc 
prepared. One forms a cover for another and thus keeps 
out the dust, besides keeping the colors moist for some time. 

10. Pencils, These should be of tlie hardest and best 
quality. A. W. Faber s hexagonal ])encil8 are the best. 1111 
and mill are good numbers for mechanical drawing. 

17. Brushes, The best brushes arc made of sable hair, of 
which tlicre are two varieties, the red and black. The red is 
somewhat the cheapest, but is about as good as tlie black. 
Camel’s-hair brushes will answer very well, if one docs not 
want to afford tlie sable. In selecting brushes see that they 
come to a point when moistened with water ; they should 
keep this point when used. 

18. India rubber. Fine vulcanized rubber is the best fi>r 
removing })encil marks. Sponge rubber is good for cleaning 
drawings. 

19. Tliunib tachs. These are for fastening the paper to 
the drawing board, when it is not necessary to stretch it 
The best have the steel point riveted into the head. The 
top of the head should be slightly rounded, the edges being 
thin, BO as to allow the J square to pass over readily. 

20. Horn centre. This is used in case many circles are to 
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be drawn from the same centre. The needle point rests upon 
this instead of the paper, to prevent the wearing of a large 
hole. It is made of a piece of transparent horn, with three 
little steel points to prevent slipping. 

21. Drawing — Watman’s drawing paper is consid- 

ered the best. It comes in sheets of standard sizes, as follows : 


Cap 

Demy 

Medium. . . 

Royal 

Super Royal. 
Imperial.. . . 


13 in. by 17 
15 “ “ 20 
17 “ “ 22 
19 “ “ 24 
19 “ “ 27 
22 “ “ 30 


Elephant 

Columbier 

Atlas^ 

Double Elephant 

Antiquarian 

Emperor ....... 


23 in. by 28 
23 “ “ 34 

26 “ “ 34 

27 “ “ 40 
81 “ “ 63 
48 “ “ 68 


There are two kinds of this pa[>er, tlu* j’ongh- or cold-pressed, 
and the smootli- (jr hot-pressed ; tlie smooth paper is better 
for finished line drawings, while the rough surface takes color 
better ; does not show erasures, and is better for general work. 
On holding the paper up to the light the maker’s name is seen 
in watei’ lines, and when it can be read, the nearest surface is 
considered the right side. If there is any difference between 
the two, it is supposed to be in favor of this side. The double 
elepliant slieet is of a good weight and size for general work. 
Tor smaller sizes cut it in halves or quarters. 

22. Tracing jutper, ThilTs a thin paj)er prepared so as to 
be sullici(uitly transpai'ent to allow the lines of a drawing to 
show through, for the })urpose of copying. It comes in sheets 
or by the roll. The best paper is lough, transparent, and 
without any grt'asiness. 

23. Trachig cloth. This is for the same purpose as tracing 
]>aper. It is better than paj)er for preserving copies, or for 
tliose that ai-e to be subjecjted to any w^ear, as in the case of 
^^(»rking drawings. It comes in rolls of twenty-four yards, 
and of different widths. That which has a dull surface on 
one*side is better for pencil marks or for tinting. 


SCALES. 

24. As it would be impossible in most cases to make a 
^ drawing the same size as the object, it is i ecessary to resort 
to the use of scales in order to preserve the relative positions 
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of the lines, and also to be able t*’ determine what proportion 
the drawing bears to the object. These scales consist of dis- 
tances of difFerent lengths, divided with great accuracy. 
Various materials are used in their construction, such as 
ivory, wood, rnetal, paper, etc. Ivory is the best, but quite 
expensive, while those made of boxwood are good, and are 
generally used. Metal is expensive and tarnishes easily, 
while paper soon wears out. 

It is well in making a drawing to use as large a scale as 
convenient, so that the small parts of the object may be 
brouglit out distinctly and accniratcly. 

The scale of a drawing should always be given upon it, and 
in the case of a working drawing, the measurements also. 
r>y giving the measurements the time of the workman is sa\ ed, 
since he follows the dimensions rather than the drawing, in 
case they differ. 

The dimensions are given in figures, using one accent to in- 
dicate feet and two accents for inehes, as 2\ read two feet, and 
3", three inches. Wiiere feet and inches are to be wi*itteii, the 
tigures are separated by a comma simply, as (V, 4'^ Where 
only inches are to be written, use a cipiicr in jdaco of feel, as 
0". This is not always necessary, but u]>(tn drawings where 
many of the dimensions arc given in feet and fiaetions of a foot, 
it is well to use the cipher, as it may save mistakes in reading. 

To indicate the points between winch the mcasui’emont 
reads, small arrow heads are used at the jH)ints; as scam upon 
PI. XYI. Fig, 144. When the arrow heads are some dislance 
apart, they are connected by a fine dotted line. This liiKi may 
be broken at the centre to allow the measurements to be iin 
sorted, or tlie line may be continuous, and the figures be placrd 
just above it or on it. To make the measurements more 
noticeable, red ink is generally used for the figures and arrow 
heads, and blue ink for tiie dotted lines. All the horizontal 
measurements should be writtem from left to right, the verti- 
cal being written from the Ijottom to the top. 

25, A scale of eqiml jxvrts. (PI. 1. Fig. 7.) This is a small 
fiat instrument of ivory. On both sides of this instrument 
we shall find a number of lines drawn lengthwise, and 
divided crosswise by short lines, against which n ambers are 
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written. It is not oar object, in this place, to give a full 
description of this scale, but simply of that portion which is 
termed the scale of equal parts. A scale of equal parts con- 
sists of a number of inches, or of any fractional part of an 
inch, set oli* along a line ; the first inch, or fractional part to 
the left, being subdivided into ten or twelve equal portions. 
When the divisions of the line are inches, the scale is soiiie- 
times termed an inch scale; if the divisions are each three 
quarters of an inch, it is termed a three quarter inch scale; and 
so on, for any other fractional part of an inch. The^c dificrent 
scales are usually placed on the same side of the ivory scale ; 
the inch scale being at the bottorn, the three quailer inch 
scale next above ; next tlie half inch scale, and so on. The 
inch scale is usually marked in. on the left ; the three quarter 
inch scale with the fraction I; the others, in like manner, 
with the fractions i, and so on. Tlie first division of each 
of these scales is usually subdivided, along the bottom line 
of the scale, into ten equal parts, by short lini's; and just 
above these short lines will be found others, somewhat 
shorter, which divide the same divisum into twelve e(pial 
parts. It is not usual to place any number against the first 
division ; against the short line wdiich marks the second 
division, the number 1 is written; at the third division 
tlie number 2 ; and so on to the right. 

20. Manner of using the scale. Geometrical drawings of ol)- 
jects are usually made on a smaller scale than th^^ real size of the 
object. In making the geometrical drawing of a house, for 
exanqde, the drawing would have ‘o ^'c very much smaller 
than the house, in order that a sheet of paper of moderate 
iimensions may contain it. We must then, in this case, ai^ 
in all others, select a suitable scale for the object to be 
represented. Let us suppose that the scale chosen for the 
example in question is the inch scale ; and that each inch on 
the drawing shall correspond to ten feet on the house. As a 
foot contains twelve inches, it is plain, that an inch on the 
drawing will correspond to 120 inches on the house; thus 
anv line on the drawing will be the one hundred and 
twentieth part of the corresponding line on the house ; and 
were we to make a model of the house, on the same scale ua 
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the drawing, the height or the breadth of the model woulu 
be exactly the one Imndrcd and twentietli part of the height 
or the breadth of the house. By bearing these remarks in 
mind, the manner of using this, or any other scale, will 
appear clearer. Su])pose, for example, wt. wish to take olf 
from the scale, by a pair of dividers, the distance of twenty- 
three feet ; w'c observe, in the first ])lacc, that as each inch 
corresponds to ten feet, two inches will correspond to tw('nty 
feet; and as each tenth of an inch corresponds to one foot 
three tenths will correspond to thn'e feet. Wc then ])lace 
one point of the dividers at the division marked 2, and 
extend the other })oint to the left through the two divisions 
of an inch each, and thence along the third division so as 
to take in three tenths. From the scale, here described, we 
cannot take off any fnictional part of a foot, with accuracy. 
If we had wished to have taken olf twenty-three feet and a 
half, for example, we might have extended the ])oint of the 
dividers to the middle between the division of three tenths 
and four tenths ; but, as this middle point is not marked on 
the scale, the accuracy of the operation will de})end upon the 
skill witli which we can judge of distances by the eye. To 
avoid any error, from want of skill, we must resort to one of 
the scales of the IVactional parts an inch, ^^aking the 
half inch scale, for example, its principal divisions being 
halves of an inch, will, therefore, correspond to five feet; the 
first of its principal divisions being subdivided, like the one 
on the inch scale, one tenth of it will corre.^jiond to half a 
foo+, or six inches. So that fi'oni this scale we can take olf 
aii}^ number of feet and half feet. The quarter inch scale 
being the half of the half inch scale, its small subdivisions 
will correspond to a quarter of a foot, or to three inches. The 
small subdivisions on the eighth of an inch scale, in like 
manner, correspond to one inch and a half. We thus observe 
that, by suitably using one of the above scales, we can take 
ofi" any of the fractional parts of a foot on the inch scale, cor- 
responding to a half, a quarter, or an eighth. 

Let us now suppose, as a second example in the use of the 
inch scale, that we had to make a drawing of a house on a 
scale of one inch to twelve feet. We observe, in the first 
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place, as twelve feet contain 144 indies, and as one incli, on 
the drawing, corresponds to 144 inches on the house in its 
true size, every line on the drawing will be the one hundred 
and forty-fourth part of the corresponding lines on the house 
In this case, instead of using the division of the inch sub- 
divided into tenths, we use the divisions of twelfths, whicli 
are just above the tenths; each twelfth corresponding to one 
foot. We next observe in using the twelfths, what we found 
in using the tenths ; that is, we cannot obtain, from the inch 
scale, any })ai‘t corresjKmding to a fraclional part o(‘ a foot; 
but, taking the half inch scale, we lind the first half inch 
subdivided in the same way as the inch scale into twelfths ; 
and, therefore, each twelfth on the half inch scale will co?‘rt“<- 
j)oiid to half a foot, or six inches. In like manner iIk- 
twelfths on the quarter inch scale will corrcs])()nd to threr 
iiidies; and the twelfths on the eighth of an inch scale to on(‘ 
inch and a half. 

27. Dhvjoiiid miU of equal pari (i. (PI. I. Fig. 8.) In the 
two cxanqth^s of th<‘ use of an ordinary scale of equal parts, we 
found, that the smallest fractional part of a foot, that any of 
the scales examined would give, was one inch and a half. 
Put, as all measurements of objects not larger than a house 
are commonly taken either in feet and inches, or in feet and 
the decimal divisions of a foot, it is very desirable to havt' a 
scale from which we can obtain either the tenths of a foot, if' 
the decimal numeration is used; or the inches, or twelfths, 
when the duodecimal numeration is used. To eifect these 
purposes, a scale, called a diagonal scah of equal parts, has 
been imagined; and this scale is frequently found on the 
small ivory scale, on which the other scales of equal parts are 
marked. A diagonal scale of equal parts may be ‘either an 
inch scale, or a scale of any fractional part of an inch. The 
first inch, or division, is divided into ten, or twelve equal 
parts ; the other inches to the right are numbered like thfc 
ordinary scales. Below the top line, on which the inches are 
marked off, we find either ten, or twelve lines, drawn parallel 
to the top line, and at equal distances from each other. We 
next observe perpendicular lines, drawn from the top line. 
Across the parallel lines, to the bottom line, at the pointe on 
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the top line which mark the divisions of inches. But, from 
the subdivisions on the top line, we find oblique lines drawn 
to the bottom line ; these oblique lines being also parallel to 
each other, and at equal distances apart. The direction of 
these oblique lines, termed diagonal lines, and from which 
the scale takes its name, is now to be carefully noticed, in 
order to obtain a right understanding of the use of the scale. 
By examining, in the first place, the bottom line of the scale, 
we observe that it is divided, in all respects, precisely like 
the top line. In the next place, we observe, that the first 
diagonal line to the left, 10, is drawn from the end of the toj) 
line, to the point ?», which marks the first subdivision to the 
left on the bottom line. The other diagonal lines, we observe, 
are drawn parallel to the first one, on the left, and from the 
points of the subdivisions on the top line; the last diagonal 
line, on the right, being drawn from the last subdivision on 
the top line, to the end of the tirst division of the bottoni 
lino. On examining the ])erpendicular lines, we find, th;it 
they divide all the ])arallel lines, from top to bottom, into 
equal parts of an inch each. We lind, also, that all the sub- 
divisions, on the same j)arallel lines, made by the diagonal 
lines, are equal between the diagonal lines, each being equal 
to the top subdivisions. But when we examine the small 
divisions, on the parallel lines, contained between the first 
perpendicular line, 10 — /i, on the left, and the diagonal line 
next to it, we lind these small divisions increase in length 
from the top to the bottom. In like manner we find that 
the small divisions, on the parallel lines, between the dia- 
gonal line, 1 — r, on the right, and the perpendicular, 0 — r, 
next to it, decrease in length from the top to bottom. Now, it 
is by means of these decreasing subdivisions that we get the 
tenths, or twelfths of one of the top subdivisions, according 
as we find ten or twelve parallel lines below the top line. 

Let us suppose, for example, that we have ten parallel 
lines below the top line ; then the small subdivision, on the 
first parallel line, below the top line, contained between the 
diagcnal line, 1 — r, on the right, and the t)erpendicular, 
0— r, would be nine tenths of the top subdivision ; that u 
nine tenths of a foot, if the top subdivision corresponds ta 
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Dviyi foot. The next small division below this would be eight 
tenths; the next below seven tenths; and so on down 
Now, if we take the small subdivisions, between the per- 
pendicular line, on the left, and the first diagonal line, 
10 — Tu, the one below the top line will be one tenth of the 
top subdivision ; the next below this two tenths ; and so on, 
increasing by one tenth, as we proceed towards the bottom. 

Let us suppose, for an example in the use of this scale, that 
the drawing is made to a scale of one inch to ten feet ; and 
that we wish to take off from the scale sixteen feet and seven 
tenths. With the dividers slightly open in one hand, we run 
the point of the dividers down along the ])er])endicular, 
marked 0 — r, next to the diagonal line on the right, until we 
come to the parallel line on whicli the small division seven 
tenths is found ; this will be the third line below the top line. 
We place the point of the dividers on this parallel line, at n, 
where the perpendicular line, numbered 0 — crosses it, and we 
extend the other point to the right, to to the perpendicular 
marked 1, along the parallel line, to take in one inch, or ten 
feet. We then keep the right point of the dividers lixed, at 
h; and extend the other point to the left, to c, taking in the 
small division seven tenths, and six of the subdivisions along 
the j)arallel line. The length, thus taken in between the twe 
pf)ints of the dividers, will be the required distance on the 
scale. 

From the description of the diagonal scale, and the example 
of its use just explained, the arrangement of, and the manner 
of using any other diagonal scale will b ’ easily learned. We 
have first to count the number of parallel lines below the top 
line, and this will show us the smallest fractional part of the 
eipial subdivisions of the top line that we can obtain, by 
means of the scale. If, for example, we should find one 
hundred of these lines below the top line, then we could 
obtain from the scale, as small a fraction of the top sub- 
divisions as one hundredth ; and counting downwards on the 
left, or upwards on the right, the short lines, between the 
extreme diagonal lines and the perpendicular lines next tr 
them, we could obtain from the one hundredth to ninety 
.Tiine hundredths of the top subdivisions. 
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Remarks. In the j)rca‘(li!ig examples we have taken th« 
scales as corresponding to feet, because dimensions of objects 
of ordinary magnitude are usually expressed in feet. When 
the drawing represents objects of considerable extent, we 
then should use a scale of an inch to so many yards, or 
miles; as in the case of a map representing a field, or an 
entire country. When the drawing represents objects whose 
principal dimensions are less than a foot we then use a scale 
of an inch to so many inches. In some cases where we wish 
to rejircsent very minute objects, which cannot be drawn 
accurately of their natural size, we use a magnified scale, that 
is a scale which gives the dimensions on the drawing a 
ct'rtain number of times greater than those of the object 
represented. For examjdc, in a drawing made to a scale of 
thrt'e inches to one inch, the dimensions on the drawing 
would be three times those of the corresponding lines on the 
object. 

28. A convenient form of diagonal scale for obtaining 
twelfths of a foot, is shown in Fig. 12, where ah^ hc^ represent 
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feet, while the horizontal distances of the points 1, 2, 3, etc., 
from the vertical line through h arc each equal to a cor- 
responding number of inches. 

29. The scales represented in Figs. 7 and 8, PI. I, although 
^ used to some extent, are rather sliort and 

not as convenient to use as those where the 
2 graduation runs to the edge, so that by lay- 

jjjg Qn the paper the required dis- 

tance can he marked off directly without 
using the dividers. The frequent use of the 
dividers in taking distances from the scales, 
defaces the lines of the scale and should be 
avoided. In Fig. 13 are shown sections of 
scales in general use. These are all made 
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with thin edges, and with the graduation running to the very 
edge. On Nos. 1 and 2 there would be one, or possibly two 
scales for each edge, while on No. 3 there can be at least six 
scales in all, two to each edge, one on either side. 

30. Fig. 14 gives a side view of Nos. 1 or 2. There are 
four scales upon this, two upon each edge, one being double 






the other. The scales are dnodecinially di\ ided, the divisions 
representing feet and inches. The following scales are the 
most useful : i, i, 1, s, I, 1^, Two flat ones, or one tri- 
angular, will contain all of th(‘se. 

31. Fig. 15 r(‘pr(‘senls v,’liat is eallcd a chain scale. Such 
scales are nninbcr(‘d 10, 20, 30, 40, 50, 60, according to the 
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number of divisions contained in an inch, and are the scales 
in common use. Tlie np])er scale in Fig. 15 is numbered 20, 
that is, an inch is divided into 20 equal ])art.^ uid might he 
used in practice for a scale of two or twenty chains to the 
inch ; two or twenty feet to the inch, oi two or twenty miles 
to the inch. One tilangnlar, or three flat se.ales, wdlJ contain 
all of those mentioned above. The duodecimal ly divided 
scales are most useful for mechanical and geometrical draw- 
ing, while the chain scales, as their name indicates, are used 
mostly for plotting surveys. 

32. After the drawiiig of an object has been completed, it 
is necessary to state upon it the ratio between the lines of the 
drawing and those of the object. This is often done by the 
use of a fraction, as a scale of 4, etc. It is understood 
in such cases that the numerator refers to the drawing and 
Ibe denominab r to the object, and that the numerator is equal 
2 
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to the denominator ; for example in the scale J we shonld 
understand that one incli on the drawing equals four incheia 
on the object. In tlie scale -J 1 in. = S in. or IJ" = 1 foot. 
Instead of always expressing scales by the use of fractions, it 
is often stated what the scale is to a foot, as for example, 
“ Scale i in. = 1 foot,” this expressed fiactioiially would be 
1 ^. Scale f in. = 1 foot would ho the same as 
33. Protractor, This is the instruincnt in most common 
use for laying off angles. It consists of a semicircle of thin 
metal or horn (Fig. IG), tlie circnimfereiu^e of which is divided 



into 180 equal parts, termed d(“grees, and immlnM-ed, both 
ways, from 0® to 180°, by numbers ]>hiced at eveuw tenth divi- 
sion. As tlie protractor is only divided into degrees, subdivi- 
sions of a degree can be marked off by means of it only by 
judging by tlie eye. A little jiractice will enable one to set 
off a half, or even a quarter of a degree with considerable 
accuracy, when the circumference is not very small. Where 
greater accuracy is required, protractors of a moi-e compli- 
cated form are used. Some of the ivory scales arc graduated 
80 that they can be used as protractors, but they cannot be 
de])ended upon for ac.curate work. ITorii ])r()tractors are 
convenient to use as they are transparent, but they are liable 
to warp. Tracing paper has recently been used to pi*int pro- 
tractors upon. Although not very durable, they have this 
advantage that they may be made of larger sizes, some being 
fourteen inelies in diameter; being upon tracing paper, they 
are transparent, and also cheap. 

There are other forms of scales more or less complex, and 
seldom used, which it is not necessary to describe here. 
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CHAPTER IL 

USE AND OAEE OF IN8TRUMKNTB. 

1 . Good tools are not only necessary for good work, but 
they should be kept in perfect ordei. This is particularly 
true in drawing. The draughtsman should keep at hand a 
clean old linen rag, and a ])ie<‘.c of soft washleather, to be 
used for cleaning and wiping the instruments before and 
after using. The pen sliould he wiped dry before laying it 
aside, and the soil from [>er8piration cleaned witli tJie wash- 
leather in like manner. With proper care a set of good in- 
Btruments will last a lifetime. 

2. Co7i)j)aHseti. Jn describing circles keep both legs nearly 
vertical. This can be accomplished by means of the joint in 
each leg. By keeping the needle in a vertical position, it will 
not make a larger hole than necessary in the pa 2 )cr. Usually 
one hand is siillicient when describing circles; hut when the 
lengthening bar is used, it is better to steady the needle point 
with one hand, while the circle is described with the other. 
When inking a circle, comj)lete it before taking ihe pen from 
the paper, because without great care the place where the 
lines join will show. * 

3. Dividers, These ai-e used for transferring distances 
from one part of a drawing to another, or from s(5ales to the 
drawing. One hand is sullicient for their use ; but care must 
be taken when transferring distances not to change tlie posi- 
tion of the points by clumsy handling. A little (jare and 
practice will enable one to manage them easily. When tak- 
ing any distance with the dividers, open the points wider than 
necessary, and then bring to tlie recpiircd distance by pressing 
them together. In case it is required t' •" ' *3: the same dis- 
•tance a number of times on a straight line, it is better to step 

the distance off, keeping one of the points on the line all the 
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time. In doing this, do not turn tlic instrument continnouBly 
in one direction, but reverse at each step, so that the moving 
point will pass alternately to the right and left of the line. 
A single trial will convince one, by the ease witli which the 
instrument can be handled, of the advantage of the last 
method. Care should be taken when using the dividers not 
to injure the surface of the paper. Wlien laying ofF distances, 
do not make holes in the paper ; a very slight prick is suffi- 
cient, and this can afterwards be marked with the pencil. 

4. Drawing pen. This is one of the most important instru- 
ments, and should never be of inferior quality. It is used 
for inking the lines of a drawing after it has been pencilled. 
The ink can be placed between the blades by means of a 
small brush or a strip of paper; but a more convenient way 
is to dip the edges of the pen into the ink, and they will 
generally take up enough ; in case they do not, breathe upon 
them, and then they will readily take the ink. After taking 
the ink in this way, always wipe the outside of the blades. 
When inking, incline the pen slightly to the riglit in the 
direction of the line, takijig care that both points touch the 
})aper. Do not press t(K) hard against the ruler, nor try to 
keep the point of the pen too near the ruler. If the line is 
to be heavy, or broad, the pen should be mov(^d along rather 
slowly, otherwise the edges of the line will a])[)ear rough. 
Always draw the lines from left to right. In easel be ink 
does not flow readily from the pen, try it uj)on a ]>iece of 
waste papei', or outside the border line ; a piece of blotting 
paper is also good for this juirpose. If these means fail, piiss 
between the blades the corner of a piece of firm pa])er. 
When the ink gets too thick, it dries rapidly in the pen and 
occasions considerable annoyance ; in such a case, add a little 
water to the ink, and mix well before using. 

5. Sharpening pe7i. As the pen is used a great deal, the 
points are worn away, changing their form as well as thick- 
ness, making it impossible to do nice work. Every draughts- 
man should be able to sharpen his pen and keep it in good 
order ; with a little practice and attention to the following 
directions, one will 8<H)n be able to shar})en a ])en. Having 
obtained a fine grained oilstone, first screW the points together, 
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then di*aw the pen over the stone, keeping it in a perpendicu- 
lar plane, and turning it at the same time, so that the curve 
at the point shall take the shape shown in N:' 1, Fig. 17, 



This is a better 8ha])e tlian either Nos. 2 or 3, although 3 
might do for heavy lines; but for all lines, 1 is the best 
shape. It is well, liowever, to have two pens ; one being kept 
sharp for fine lines, while the other is used for heavy lines, 
and need not be sharpened as often. Having obtained the 
right Bha}>e, separate the points a little by means of the screw, 
and then lay each blade in turn u})on the stone — keeping the 
pen at an angle of about 30° with the face of the stone — and 
grind off the thickness so as to bring to an edge along the 
point of this curve. For line lines this edge should be jiretty 
thin ; not a knife edge, which would cut the pajier. See that 
the edges of both blade's are of the same thickness, and the 
jioints of the same length ; then take the screw out and open- 
ing the blades, apply the inside of each to the stone just 
enough to take off any edge that may have been turned over. 
Next, screw up the blades, and try the pinnts on the thumb 
nail to see if the edges are too sharp ; if they cut the nail, the 
sharp edge should be taken off by drawing the pen ver} liglitly 
over tbe stone as in the first step. Next, try the pen with ink 
on pa])er, and the character of tlie line maut' will show wLelher 
anything more is needed. 

6. lJmwh\g hoard. The sides should be plane surfaces, 
and their accuracy may be tested by placing the edge of a 
ruler across tlie board in several positions, and observing 
whether it coincides throngliout, in every position, with the 
surface. The edges of the boai-d should be perfectly straight, 
and if one cannot detect any inaccuracy by the eye alone, 
they can be tested by apjdying a straight edge. It is not 
essential, however, tliat the edges should 1 e exactly at right 
angles to each other, provided the head of the square ii used 
only on one edge for any given drawing. 
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7. T square. By placing the head against any edge of the 
board, and moving it along, at the same time drawing lines 
along the edge of the blade in its successive positions, we have 
a series of parallel lines. If now the head is placed against 
either adjoining edge, and lines are drawn as befoi-e, we shall 
have two sets of parallel lines at right angles to each other ; 
that is, if the two edges of the board are exac,tly at right 
angles, and also the blade of the square exactly at right angles 
to the head. Now, as it is impossible to be sure that these 
angles are correct at all times, and as the lines drawn while 
the head is moved along any edge would be parallel, whether 
the blade be at right angles to the head or not, it is better to 
use the head u])on only one edge, and depend upon the trian- 
gles for perpendicular lines. It is customary and moi'e con- 
venient to use the head upon the left-hand edge of the board, 
controlling its movements with the left hand, while the right 
is free to draw the lines. In moving from one |X)sition to 
another, take hold of the head instead of the blade. Always 
see that the head is against the edge before drawing a line, 
and use the upper edge in ruling. 

8. Triangles, As there are two triangles, having the angles 
90®, 45®, 45®, and 90®, 60®, 30®, respectively, it is evident that, 
by placing either of these triangles against the blade of the 
square, lines may be drawn making corresponding angles. 
Aj before suggested, this is the best way to draw perpendicu- 
lars. In case parallel lines are to be drawn, making angles 
different from those of the triangles, it may be possible to 



ftccompiish it by a combination of both triangles with the 
square ; but it is difficult to hold so many pieces in pli^, so 
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that it is better to use either one with the square, moving the 
blade bo that the edge of the triangle shall coincide with a 
line already drawn at the desired angle; then, by holding the 
blade in place, and moving the triangle, lines may be drawn 
parallel to the first. To test the right angle of the triangle, 
place it against the square as in Fig. IS, and draw the line 
a then turn the triangle over, as in the dotted position, and 
draw another line along the vertical edge, taking care that the 
two lines stai-t from the same point a. Now, if these lines 
correspond throughout, the angle at the base is a right angle ; 
if there is any deviation, it will indicate what change should 
be made to correct it. 

Manner of using the triangles for drawing lines which are 
to he either parallel or perpendiculafr to another line. 

Let A B (PI. I. Fig. 4) be a line to which it is required to 
draw parallel lines wdiicli shall respectively pass through the 
points, Cy Dy Ey etc., on either side of A B. 

1st. Place the longest side, ahy of the triangle so as to 
coincide accurately with the given lino ; and, if its other sides 
arc unequal, taking care to have the next longest of the two, 
a Cy towards the left hand. 2d. Keeping the triangle accu- 
rately in this position, with the left hand, place the edge of 
the ruler against the side, a e, and secure it also in its position 
with the left hand. 3d. Having the instrunientB in this 
position, slide the triangle along the edge of the rujcr towards 
one of the given points, as C for exanij>le, until the side, a hy 
IB brought so near the point that a line di* iwn with the pencil 
along a b will pass accurately through the [K)int. 4th. Keep 
the triangle firmly in this position, wnth one of the lingers 
of the left hand, and with the right draw the pencil line 
•through the point. Proceed in the same way with respect to 
the other points. 

Bemarlcs, When practicable, the first position of the 
triangle should be so chosen that the side, a by can be brought 
in succession to pass through the different points without 
having to change the position of the ruler. i 

After drawing each line the triangle should be brought 
back to its first position, in order to detect any error from aa 
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accidental cnaiige in the position of the ruler during the 
operation; and it will generally be found not only most 
convenient but an aid to accuracy to draw the line through 
the highest point first, and so on downwards; as tlie eye will 
the more readily detect any inaccuracy, in comparing the 
positions of the lines as they are successively drawn. It will 
also be found most convenient to places the triangle first 
against the ruler and adjust them together, in the first position 
along A B. 

It will readily appear that either side of the triangle may 
be placed against the ruler, or the given line. The draftsman 
will be guided on this point by the positions and lengths of 
the required ])arallels. 

Let A B (PI. I. Fig. 5) be a line to which it is required to 
draw a perjiendiciilai- at a point, C\ upon the line, or through 
a point, 7>, exterior to it. 

Ist. Place the longest side, ab^ of the triangle against the 
given line, and dire(;tly beneath the given point C^ov with 
the ruler against a c, as in the last case. 

2d. Conlining the ruhu* firmly with the left hand, shift the 
position of the triangle so as to bring the other shorter side, 
he, against the ruler. 

8d. Slide the triangle along the ruler, until the longest side, 
a b, is brought iqum the given })oint C\ or I) / an<l, ciuifiniiig 
it in this position, draw with the pencil a line through 0, or 
J). The line so drawn is the required per{>en(licular. 

Another methoil of drawing a perpendicular in like cases 
is to place the ruler against the given line, and, holding it 
firmly in this position, to place one of the shorter sides of the 
triangle against the edge i>f the ruler, and then slide tlic tri- 
angle along this edge until the other shorter side is bi'ought 
upon the given point, when, the triangle being confined in 
this position, the required perpendicular can be drawn. i5ut 
this is uRuall}" neither so accurate nor so convenient a method 
as the pri'ceding one. 

BemarL\ The accuracy of the two ineth(»ds just described 
will depend upon the accuracy of the triangle. If its right 
angle is not perfectly accui-atc, the required ])erpendicu]ai 
will not be true. This method also should only be resorted 
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to for perpendiculars of short lengths. In other cases one of 
tlie methods to be described farther on should be used as be- 
ing loss liable to error. 

9. ln\‘(jHlar curma. Having determined the points through 
which the curve is to pass, the edge of the instrument is shifted 
about until it is brought in a position to coincide with threo 
or more consecutive ])oints c (PI. L Fig. 11) of the curve 
x-y to be tra(;ed. When the position chosen satisfies the eye, 
that portion of the curve is traced in pencil which will pass 
through the ])oints coinciding with the e^dge of the instrument. 
The instrument is again shifted so as to bring several points, 
contiguous to the one or other end of the portion of the curve 
just tracked, to coimade, as befor(‘, with the (‘dge of” the instru- 
ment; taking care that the new portion of the curve shall 
form a continuation of the [KU'tioii already traced. The ope- 
lation is continued in this wa\ until the entire curve is traced 
in pencil; it is then ]>ut in ink by going o\er iIh*. }>cncil lino 
with tlie pen, using the instrument as a guide, as at lirst. 

ddie successful use of this instrument demamls some atten- 
tion and skill on the ]>art of the draughtsman, in judging by 
th(‘ eye tlie direction of the curve from the position of its 
points. AVhen thus employed, curves of the most c.oinplicated 
forms can be traced witli the greatest accuracy. 

Wlien similar curves are to be drawn on both sides of a 
line —as in an ellipse — mark on the edge of the instrument 
the limits of the part used in drawing tlie curve on one side, 
and then turn it over and draw th(j opposite 8i<le between the 
same limits. 

10. Prej>arati()u of inJi, J^lace a few di-ojis of water in 
the sau(;er and rub the ink in it until the liquid is pretty thick 
and black. After a little e.xpcrience one can tell by the ap- 
pearance when it has arrived at the proper consistency for 
use; it is not well, however, to trust to sight alone, but also 
to test it by making a wide line with the drawing pen ujhui 
a piece of paper, to see if it is j)erfectly bhude when diw. In 
testing in this way, go over the line only once. The cake 
should always be wiped dry after using to prevent cracking. 
Keep the saucer covered when not filling the ])en. Ink may 
be kept moist for some time in a covered saucer ; but if it 
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should happen to dry, it is better to wash it all out and start 
anew. 

11. Pencils, For drawing straight lines the pencil should 
not be cut to a round point, but to a flat thin edge like a 
wedge ; the flat side being laid against the edge of tlie ruler 
when drawing lines. It is well to have another pencil sharp- 
ened to a round ])oiiit for making dots and marking points. 
For the compasses the pencil point should be round. 

When the pencil becomes dull, or makes a heavy line, it 
may be sharpened by rubbing on any liard surface, as a piece 
of rougli paper, a piece of fine sand pa])er, or a fine tile. 
Long pencils are more convenient to handle ; when they get 
short, trim them down for tlie com})asscs. 

12. Stretching jyaper. When it is desired to make a small 
line drawing, requiring no tinting, nor much time for its com- 
pletion, it is sufficient to fasten the paper to the board with 
thumb-tacks; but for large drawings, and especially those 
requiring any tinting or shading, it is necessary to sti*(‘tch 
the paper by wetting, and then fasten to the board with 
mucilage. 

To do this, place the sheet of paper upon the board, right 
side up, and turn u]> each edge of the paper against a ruler 
placed upon it about half an inch from the edge. Then take 
a perfectly clean sponge, and with clean water moisten the 
upper surface, omitting the edges that are turned up; in 
doing this, do not rub the paper, but merely press the sponge 
upon all parts. Let it stand with a little water iqxm the sur- 
face for about fifteen minutes — less time might do, but that 
will always ensure a good stretch — after that sop up the 
standing water, and then fasten each edge of the jiaper to the 
board with thick mucilage. After fastening one edge, it is 
better to fasten the opposite edge next, instead of either ad- 
joining edge. Eub the edges down with the thumb to secure 
a firm joint. Leave the board in a horizontal position while 
the paper is drying, taking care not to place near the fire. 

Some prefer not to wet that side of the paper upon which 
the drawing is to be made. There is no objection to it, if one 
is only careful not to injure the surface by rubbing, and tc 
use clean water ; besides, it is a little more convenient, foj 
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the edges are not likely to get wet, as they are turned up ; it 
also saves the trouble of turning the paper over, during which 
operation the board is likely to get wet, and the mucilage will 
not be so likely to hold. 

When stretching a large sheet where the centre is apt to 
dry before the edges, so that there is danger of their being 
pulled up, lay a damp cloth upon the centre, away from the 
edges, and let it remain until they become dry. 

13. Vemlllhig a drawing. This consists in locating the 
lines of the drawing properly and accurately upon the pajier. 
In doing this, do not make any unnecessary lines, or any lines 
unnecessarily long; a little attention given to this will make 
a much neater drawing, and there will be less liability to 
make mistakes when inking. The lines should be line and 
merely dark enough to be seen. As a rule it is better to com- 
plete the drawing in ])encil before inking; to this rule, how- 
ever, there arc exceptimis; as in complicated drawings of 
machinery where it is well to ink some parts before finishing 
the pencilling of the whole. 

14. hiking a drawing. It is customary in inking a draw- 
ing to ink all the circles and arcs before the right lines, as it 
is easier to make the lines meet the arcs than the arcs the 
lines. When there are a number of small concentric circles 
to be inked, commence with the smallest. 

After inking all the circles, ink the horizontal lines next, 
c(urnnencing at the to]) and working down ; thei» ink the ver- 
tical lines, commencing at the left and going to the right. 
Where there are to be lines of different widths, ink those of 
the same width before changing the pen. By having a little 
Bystem one will work more rapidly. 

When inking a complicated drawing before or after it is 
' entirely pencilled, ink first those parts that are in front, and 
work back, thus avoiding the danger of making lines full that 
Bhould be dotted. 

To obtain the best effect in a line drawing, the ink should 
be perfectly black, and the lines smooth and even ; the thick- 
ness of the fine and heavy lines should be proportioned to 
each other and to the scale of the drawing. The shade lines 
should also be correctly located. There is another thing that 
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adds much to the looks of a drawing, and that is perfect Uiler 
sections of lines, as in the case of two lines meeting at a i)oint; 
neither line should stop before reaching the j)()iiit, nor run 
beyond, as is more likely to occur. 

If the drawing is to be shaded, do not use black ink for the 
outlines, as light ink will blend into the shading better; it is 
well, too, to make the lines line. 

It is sometimes found necessary to ink a straight line sc 
that it shall taper. This is easily accomplished l)y moving 
one end of the ruler slightly back, the other end I'cmaining 
fixed, and g<»ing over the line again. Where a number of 
lines meet at a ])oint, care must be taken in inking, not to make 
a large blot at the intersection ; it is better t(» draw the lines 
from rather than towards the point; wait for each line to dry 
before drawing the next. Where there are a irreat many 
lines, the angle between them being small, tliey will unavoid- 
ably meet, before reaching the )>oint; so that in inking it is 
not well to start each line from the })oint, but only from 
where it would meet the last line. Let about every third line 
start from the point. 

15. Avcaracy. In both the construction of a di*awing in 
pencil and the inking, accuracy should be tbe aim of the 
draughtsman, No matter Jiow simple the drjiwing, let the 
construction be exact. The importance of this is apt to be 
lost sight of in the class room and upon elementary work, 
but will be manifest when one comes to the construction of 
drawings for use. JJegin right, then, and cultivate accuracy 
as a habit. 

16. Cleaning a drawing. To remove pencil lines a piece 
of vulcanized India rubber is necessary; but to remove dirt 
there is nothing better than a piece of stale bread, using the 
inside of a crust. This seems to remove the dirt without 
affecting the ink lines, and leaves the paper with a line gloss. 
Do not rely, however, upon the possibility of cleaning a 
drawing when finished ; never allow it to get very much soiled. 
Always dust with a brush, the drawing board, paper, and 
instruments, before commencing work. When a drawing is 
to occu])y much time, paste a piece of waste paper (ni the 
edge of the drawing board, to fold over the drawing when 
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not at work. By cutting the paper, one can arrange so as to 
cover part of the drawing while working on anothei’ part. 

17 . Cutting off a drawing. To remove the paper from 
the board after the drawing is finished ; place tlie ruler so as 
to coincide with a pencil line, drawn just inside the line of 
the nuicilage, and then run the knife along the ruler. 

Before cutting off a drawing see that it is peifoctly dry, as 
it will wrinkle if part of the sheet is damp. When cutting 
take the edges in order round the board; not crossing from 
one edge to the opposite, and let each cut commence from the 
last one. 

18. Tracing. It is often neccssaiy to have one or more 
copies of a drawing. By the use of tracing paper or cloth, 
these can be taken from the drawing ab’eady made; thus sav 
ing much time. The paper or elotli should he large enough 
to allow tlie tacks, whicli hold it down, to clear the diawing : 
weights may be used in case it is not, hut they aj-e a[)t to he 
in the way. Some of the tracing (doth has one side dull, jor 
the use of a ]>encil, it' desired; let the tracing be made upon 
the glazed side. Tracing cloth will take color, hut the tint 
should be somewhat thicker for this puipose than for oj'dinary 
tinting. A.pply the tint to the dull side of the cloth ; do not 
try to tint large surfaces. 

19. Accaracy of scalen. To test the accmracy of the gradu- 
ation, take any distance with the dividers, from tlie scahi, and 
compare it with a similar distance, at diffeieni pai-ts of the 
scale. It is well to test the graduation near the ends, as it is 
more likely to be inaccurate there. An »ther way d trusting 
IB by placing two scales together to sec if tiicy correspond. 
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CHAPTER III. 

CONSTRUCTION OF PROBLEMS OF POINTS AND STRAIGHT 
LINES. 

Proh. 1. (PI. I. Fig. 13.) To draw a straight lim through 
\wo given points. Let A and B be two given points, pricked 
into the surface either by the sharp point of a needle, or of a 
lead pencil. 

1st. Make with the lead pencil a small o, or round thus O, 
Ejnclosing each f)oint, for the purpose of guiding the eye in 
finding the point. 

2d. Place the edge of the ruler in such a position near the 
points that the point of the lead pencil, or other instrument 
used, pressed against and drawn along the edge of the ruler, 
will pass accurately through the points. 

3d. Place the pencil upon, or a little beyond the point yl, 
5 n the left, and draw it steadily along the edge of the ruler 
until its point is brought to the point i?, on the right, or a 
short distance beyond it. 

Remark. To draw a straight line accu rately, so as to avoid 
any breaks, or undulations in its length, and have its breadth 
uniform, demands considerable practice and skill. The 
pressure of fingers and thumb on the pencil should be firm 
but gentle, as well as the pressure of the pencil against the 
edge of the ruler and upon the surface of the drawing. We 
should endeavor to get into the habit of beginning the line 
exactly at the one point and finishing it with the same pre- 
cision at the other ; this is indispensable in the case of ink 
lines, but although not so important in pencil lines, as 
they are easily effaced, still it aids in giving firmness to the 
hand and accuracy to the eye to practise it in all cases. The 
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small round O placed about the dot will be found a verjf 
useful adjunct both to the hand and eye in all cases. Draw 
iiig ink lines of various degrees of breadth with the ordinary 
steel or quill pen will be also found excellent practice under 
tliis head. 

Lines in drawing are divided into several classes (I'l. 1. 
Fig. 13 bis) full ^ broken^ dotted^ and hr<fke'n and dotU d^ etc. : 
these again are divided into^wt’, medium^ and h artj^ according 

to tlie breadth of the line. A fine line is the one of least breadtli 
that can be distinctly traced with the drawing pen; the 
medium line is twice the breadth of the fine; and the heavj 
is at least twice the breadth of the medium. 

The coarse broken line consists of short lines of about /j 
of an inch in length, with blank spaces of the same length 
between them. Tlie fine broken lines and spaces are of 
an inch. 

The dotted line consists of small elongated dots with spaces 
of the same between. 

The broken and dotted consists of short lines from to ) 
of an inch with spaces equal in length to the lines divided by 
one, two, or three dot^ at ecpial distances from each other and 
the ends of the lines. 

These lines may also be fine, medium, or heavy. 

When a line is traced with quite pale ink it is termed a 
faint line. 

The lines of a problem which are either given or are 
to be found should be traced in full lines either fine or 
medium. 

The lines of construction should be broken or dotted. 

The outlines of an object that can be seen by a spectatoi 
from the point of view in which it is represented should be 
full, and either fine, medium, or heavy, according to the par 
ticular efiect that the draftsman wishes to give. The portions 
of the outline that canni^t be seen from the assumed point of 
view, but which arc requisite to give a complete idea of tht 
object, should be dotted or broken. 

The other lines are used for conventional purposes by the 
draftsman to show the connexion between the parts of a 
problem, &c., &c. 
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2*roh. 2. (PI. IT. Fig. 14.) To set off a given dutamt 
along a straight line^from a given 'point on it 

Let C — D be the line, and ^4 the given point. 

1st. Mark the given point .4, as in the preceding pro- 
blem. 

2d. Take off the given distance, from the scale of equal 
parts, with the dividers. 

od. Set one foot of the dividers on and bring the oilier 
foot u[)on the line, and mark tbe point /?, either by j)rieking 
the surface with the foot of t]»e dividej‘s, or by a small dot 
made on the line with the sharj) point uf a lead pencil. 

When the distance to be set off is too small to be taken 
off from the scale with accuracy, ])i<)ceed as follows: — 

1st. Take off in the dividers any convenient distance 
greater than the given distance, and set it off from A to h. 

2d. Take off' the length by Avhich .1 h is greater than the 
given distance and set it off from h to c, towards A ; the part 
A c will be the required distance. 

Remark. A given distance, as the length of a line, or the 
distance between two given points, is sometimes rcipiired ti) 
be set off along some given line of a drawing. This is done 
by a scries of operations precisely the same as just described. 
In using tlic dividers, they must be held without stiffness, 
care being taken not to alter the opening given to them, in 
taking off* the distances, until the correctness of the result has 
been carefully verified, by going over tlie ope"‘at!on a second 
time. Particular care should be paid to the Jiianiier of hold- 
ing the dividers in pricking poi. ts ’'dth them, to avoid 
changing their opening, as well as making too large a hole 
in the drawing surface. 

Proh. 3. (PI. II. Fig. 15.) To set off^ almig a straight Imt^ 
any 'number of given equal distances. 

Let C D be the straight line, and the given number of 
equal distances be eight. 

1st. Commence by marking a point A, on the line, in the 
usual manner, as a starting point. 

2d. The number of eijual divisions being even, take off in 
the dividers from the scale tlieii sum, ami set it off from A tc 
8, and maik the point 8. 

3 
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3d. Take from the scale half the sum total, and set it off 
from ^ to 4; taking care to ascertain that the dividers 
will accurately extend from 4 to 8, before marking the 
point 4. 

4th. Take off from the scale the fourth of the sum total, 
and set it off' respectively from A to 2, and 4 to 6 ; taking 
care to verify, as in the preceding operation, the distances 
2 — 4, and 6—8. 

5th. Take oif from the scale the given equal part, and set 
it off' from to 1 ; from 2 to 3, &;c. ; taking care to verify 
the distances as before. 

Itemarh. When the number of equal distances is odd, 
commence by setting off from the starting point, as just 
described, an even number of equal distances, either greater 
or smaller than the given odd number by one, taking in pre- 
ference the even number which with its j)arts is divisible by 
two ; if, for exam])le, the odd number is 7, tlnm take 8 as the 
cv^n number to l)e first set off'; if it is 5 then take 4 as the 
even number. Having as in the first exainjde, set off 8 parts 
we take only tlie seven required ])arts; and in the second 
having set off' 4 parts only we add on the remaining fifth jiart 
to complete the required whole. 

The reason for using the ojierations just given instead of 
setting off each equal part in succession, conimencing at the 
starting point, is, if there should be the least error in taking 
off the first equal part from the scale, this error will increase 
in pro})ortion to the total number of equal parts set off' so 
that tne whole distance will be so much the longer or shorter 
than it ought to be, by the length of the error in the first 
equal distance multiplied by the number of times it has been 
repeated. 

Proh. 4. (PI. IL Fig. 16.) From a point on a right line to sec 
off any number of successive unequal distances. 

Let (7 be the given line, and A the point from which the 
first distance is to be reckoned; and, for example, let the 
distances be respectively A h equal 20 feet ; h c equal 8 ; c d 
equal 15 feet ; and d B equal 25 feet. 

1st. Commence by adding into one sum the total numbei 
of distances, which in this case is 68 feet. 
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2d. Take off from the scale of equal parts this total, and 
set it off from A to B. 

3d. Add up tlie tiircc first distances of which the total is 
43 feet ; take this off from the scale, and sot it off from J 
to d. 

4th. Take off the distance d B in tlie dividers, and apply it 
to the scale to verify the accuracy of the consti’uction. 

5th. Set off successively the distances Ah equal 20 feet; 
and A c equal 28 feet; and verify by the scale the distances 
h c, and c d. 

Itemark The object of performing tin. operations in the 
manner here laid down is to avoid carrying forward any 
inaccuracy that might be made were the respective distances 
Bet off separately. Tlie verifications will serve to clieck, as 
well as to discover any error that may have been made in 
any part of the construction. 

Proh. 5. (PL 11. Fig. 17.) To divide a given linCy or the 
distances between two given g^oints^ into a given number of equal 
parts. 

Let A be the distance to be divided; and let, for 
example, the number of its equal ])arts be four. 

Take off the distance A B in the dividers, and ajijily it to 
^^le scale of ecjusl parts, then see whether the number of 
equal parts that it measures on the scale is exactly divisible 
by 4, or the number of jiarts into which A 7? is to be divided. 
If this division can be performed, the quotient \ ill be one of 
the required equal jiarts of A B Laving found the length 
of one of the equal parts jiroceed to oivi A B precisely in 
the same way as in Proh, 3. 

If A ^ cannot be divided in this way, we shall be obliged 
to use the ruler and triangle, in addition to the dividers and 
Bcale of equal parts, to perform the requisite operations, and 
proceed as follows : — 

1st. Through the point i?, draw with the ruler and pencil 
a straight line, which extend above and below the line A 
Bo that the whole length shall be longer than the longest side 
of the triangle used. The line CD should make nearly a 
right angle with A B. 

' 2(L Take off from the scale of equal parts any distanoe 
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greater than .1 B, which is exactly divisible by 4, or the 
number ()t‘])arts into which A B is to be divided. 

3d. Place one foot of the dividers at .4, and bring the 
other foot upon the line CD^ and mark this second point 4, 
in the usual w''ay. 

4th. Draw a straight line through A and 4. 

5th. Divide, in the usual way, the distance JL4 into its 
four equal parts A 1, &e., and mark the jioints 1, 2, 3, &c. 

6tli. A7ith the ruler, triangle, and pencil draw linos parallel 
to C I)^ through the poirits 3, 2, and 1; and mark the })oint3 
d, c, and where these parallel lines cross A B. The distances 
A b c, Of/, and d B wdl be equal to each other, and each the 
one fourth of .4 />. 

Rtmarh^i. The distance A 4 may be taken any length 
greater than A B the line to be divided. It will generally be 
found most convenient to take a length over twice that of 
A B. 

The line B t7is drawui so as to make nearly a right angle 
with A B, in order that the points where the lines jiarallol to 
it cross A B may be distinctly marked. Attention to the 
selection of lines of construction is of importance, as the 
accuracy of the solution will greatly depend on this choice. 
In this Proh.^ for example, the line G D might have been 
taken making any angle, however acute, with A without 
alfecting the principh‘ of tiie solution ; but the jiractical result 
might have been very far from accurate, had the angle been 
very acute, from the difficulty of ascertaining with accuracy 
by the eye alone, the exact point at which two lines intersect 
which make a very acute angle between them, such as the lines 
drawn from the points 1, 2, 3, &c., parallel to CD, would 
have made with A B had the angle between it and G D been 
very acute. The same remarks apply to the selection of area 
of circles by wdiich points are to be found as in figs. 18, 19, 
&c. The radii in such cases should be so chosen that the 
arcs will not intersect in a very acute angle, 

Proh. 6. (PL 11. Fig. 18.) From a point on a given line to 
construct a pcrj>rndicular to the line. 

Let GD be the given line, and A the point at which it ia 
required to construct the perpendicular. 
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1st. Having fitted the pencil point to the dividers, open the 
legs to any convenient distance, and liaving placed the steel 
point at J, mark, by describing a small arc across the given 
line with the pencil point, two ])oints and e, on either side 
of and at equal distances from it. 

2d. Place the steel point at and open the legs until the 
pencil point is brought accurately on the point c; then from 
b, with the distance b c, describe with the ])eiicil ])oint a small 
arc above and Vxdow the liiu', and as m'arly as the eye can 
judge just over and undei the ]H>int A. 

3d. Preserving carefully the same opening of the dividers, 
shill the Kte(‘l }K)int to the point c, and dc.scribc from it small 
a7'cs above and below the line, and marl' willi care the points 
w'here they cross tlie two d(‘scribed from h. 

4th. With the ruler and pened, draw a line through the 
points A and /^, extend it above B as far as necessary ; this 
is the re(|iiircd p(*r])eiidicular. 

J'itrnarh. ae.cnracy of the j)rece(ling C(jnstriictif)n will 
de])(md in a great degr(‘e upon a judicious .selection of the 
equal distane(‘s .set oil' on each sid(‘ of A in lh«‘ first place; m 
the ojteniiig of the dividers be with winch the arcs are 
de.scnbed; and upon the care taken in handling the instru- 
numls and maikine th(‘ requisite points. 

With resjK'ct to the two equal distanc.es A b and A c, they 
may be taken as has been already said of any length we 
please, but it will be seen that tin' longer lie » arc taken, 
provided the whole distance be can be C'mvenicnllv lak^m olf 
with the dividers, the smaller will be he ciiances of error in 
the construction. l>eca.u.-’e the greater the distanee hr tiie 
farther will the point />, where the two arcs ei\>sy be [)laeed 
trom .4, and any error therefore that may happen to be made, 
in marking the point of cro.ssing oi’ the ares at B, will throw 
the required perpeiulieiilar le.ss out of its true position than 
if the same error had b('eii made neaixu* to the point A ; 
moreover, it is easier to draw a straight line accurately 
through two points at some distance apart than when they 
are near each other; particularly if the line is required to be 
extended beyond either or both of the points; for if any 
exror is made in the part of the line joining the two points it 
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will inciease the more the farther the line is extended eithei 
way beyond the points. 

With respect to the distance h c, with which the arcs are 
described, this might have been taken of any length provided 
it were greater than A b. But it will be found on trial, if a 
dLstancc much less than the three fourths of, or much greater 
than h c, is taken, to describe the arcs with, that their point 
of crossing cannot be marked as accurately as they can be 
when the distance h c is used. 

Attention to a judicious selection of distances, &;c., used in 
making a construction, where they can be taken at pleasure, 
is of great importance in attaining accuracy. Where points, 
like By are to be found, by the crossing of arcs, or of straight 
lines, we sliould endeavor to give the lines such a position that 
the point of crossing can be distinctly made out, and accu- 
rately marked ; and tliis will, in 'all cases, be ellected by 
avoiding to i)lace the lines in a very oblique j)osition to each 
other. 

A further point to secure accuracy of construction is to 
obtain means of proof, or verification. In the construction 
just made, the })oint d will serve as a means of verification ; 
for the perpendicular, if prolonged below A, should pass 
accurately through the point d if the construction is correct. 

Prob. 7. (PI. II. Fig. 19.) Frmn a j^ointy at or near the 
extremity of a given Hue, to construct a perpendicular to the Hue. 

Let CD be the line, and A the point. 

In this case the distance A C being too short to use it as in 
the last Prob.y and there not being room to extend the line 
beyond Cy a dilferent process must be used. 

1st. Mark any point as a above CDy and between A and 

D, 

2d. Place the foot of the dividers at a, and open the legs 
until the pencil point is brought accurately on A ; then 
describe an arc to cross CD at 6, and produce it from A so 
far above it that a straight line drawn through b and a will 
cross the arc above A, 

8d. Mark the point by and with the ruler and pencil draw 
a straight line through a and 6, and prolong it to croes 
arc at 
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4th. Mark the point B; and with the ruler and pencil draw 
a line through A and B, This wdll be the required perpen 
dicular. 

Proh. 8 (PI. II. Fig. 18.) From a given pointy above or 
hehw a given line^ to draw a jJ^Tp^Jidicular to the line. 

Let CD be the given line, and B the given point. 

1st. Take any opening of the dividers with the pencil 
point, and placing the steel point at B describe two small arcs, 
crossing CD at h and c; and mark carefully these points. 

2d. Without changing the opening of the dividers, place 
the steel points successively at h and e, from which describe 
two arcs below CD^ and mark the point d where they cross. 

3d. With the pencil and ruler draw a line through Bd, 
This is the required perpendicular. 

Remark. The distance Bc^ taken to describe the first arcs, 
should as nearly as the eye can judge be equal to that he 
between them, unless the given point is ver}^ near the given 
line. 

Verification. If the construction is accurate, the distance 
A h will be found equal to c ; and A B equal to A d. 

Proh, 9. (PI. II. Fig. 19.) To construct the p}erpendijculaf 
when the j)oint is nearly over the end of the given line. 

Let B be the given poiiit, and CD the given line, 

1st. Take olf any equal nurnber of equal distances from the 
scale with the dividers and pencil point. 

2d. Place the steel point at 7^, and, with the distance 
taken ofi’ describe an arc to cross CDaXh; and mark the 
point h. 

8d. Praw a line through D h. 

4th. d’ake olf h.alf the distance Bh^ and set it off from either 
B, or h to a, and mark the point a. 

5th. Place the steel point of the dividers at a, and stretch- 
ing the pencil point to or 7?, describe an arc to cross (77) at 
A^ and mark the point A. 

6th. Draw a line through A and B. This is the required 
perpendicular. 

Verification. Produce BA below CD^ and set off Ad 
•qual io A B; if the construction is accurate h d will be found 
pqual to Bh. 
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^roh. 10. (PI. II. 18, 19.) From a given point of a 
line to set off a j^obd at a given distance above or below t\A 

Um, 

Let A be tlie given point un the line C I). 

1st. By Proh, 6, or 7, according to the position of con* 
struct a j)crj)cndicnlar at A to CD, 

2d. Take oil the given distance and set it oil* from A along 
the }>crpendicnlar, according as the point is required above or 
below the line. 

Jirmarh. Tfthe point nia}' be set oif, at pleasure, above or 
below CJ)^ we may eilher construct a perpendicular at plea- 
Bur(‘, and set. olT the ])oint as just described, or we irmy take 
the following method, which is more convenient and expedi- 
tious, and, with a little practice, will be found as accurate 
as ('ither of the ])rcceding. 

Tak(‘ oir the given distance in the dividers. ^JTen ])lace 
one foot of the dividers upon the pajier, and describing an 
arc lightly with the other, notice whether it just touches, 
crosses, or vioes not reach the given line. If it crosses, the 
position taken for the point is too near the line, and the foot 
of the dividers must be shifted farther off; if the arc does not 
meet the line the foot of the dividers must be brought nearer 
to the line. If the arc just touches the line the point whcie 
the stationary foot of the dividers is ])laced being marked 
will be a point at the required distance from the given 
line. 

Verification, d’he correctness of this method may be 
verified by describing from a point set otf by either of the 
other methods an arc with the given distance, which will be 
found just to touch the given line. 

Prob. 11. (PI. II. Fig. 20.) Through a given point to draw 
a line parallel to a given line. 

Let A be the given point ; CD the given line. 

1st. Place one foot of the dividers at A^ and bring the 
other foot in a position such that it will describe an arc that 
ihall just touch C D at h. 

2d. Without changing the opening of the dividers place 
one foot at a point 7>, near the other end of C 77, so that the 
arc described with this opening will just vjuch the line at c. . 
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Sd. Having marked tlie point draw tlirougli A B j, line. 
This will be the re(iuired parallel. 

Verification, Having constructed the two per])endicularB 
A by and B c, to CD, the distance b c will be found equal 
to H if the construction is accurate. 

Prob. 12. (PI. II. Fig. 20.) To draw at a given distanct 
from a given line a parallel to the line. 

Let CD be the given line. 

1st. Tak(‘ off in tlie dividers tlic given distance at which 
the parallel line is to be drawn. 

2d. Find, l\y either of the preceding methods, a point J., 
near one end of C 1)^ and a ])oiiit B near the other, at the 
given distance from C D. 

3d. Having inai'ked these points draw a line through them. 
This is the required parallel. 

Verification. The same proof may be used for this as in 
Prob. 11. 

Prob. 13. (PI, II. Phg. 21.) To tratfs/er an aiigle ; or, from a 
point, on (I given line, (odraiva line ivhich shall make withthegiven 
line an angle egnal to one between two other lines on the draiving. 

Let the given angle to be transferred be the one bac 
between the lines ab and ac. Let D B be the given line, and 
A the point, at which a line is to be so drawn as to make 
with 1) E an angle at A equal to the given angle. 

1st. With the dividers and ])encil point describe, from a, 
with any ofuming, an arc, and mark tlie points b and c, where 
it crosses the lines containing the angh‘. 

2d. Without changing this o})e)tiug, ^hift the foot of the 
dividcift to .1, and describ(‘ from thmiee . u arc as neady as 
the eve can judge somewhat greater than the one be, and 
mark the point B where it cro.sscs 1) E. 

3d. Place the foot of the dividers at b, and extend the 
pencil point to c. 

4th. Shift the foot of the dividers to B, and, with the same 
opening, describe a small arc to cross the first at G, 

5th. Having marked the point C, draw a line through 
A C. This line will make with D E the required angle. 

Prob. 14. (PL 11. Fig. 22.) From a point of a given lin^ 
to draw a line making an angle of 60^ witJi the given lint. 
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Let D Eh^ the given line, and A the given point 

1st Take any distance in the dividers and pencil point, and 
Bet it off from A to B. 

2d. From A and with the same opening, describe an 
arc, and mark the point C where the arcs cross. 

3d. Draw a line through A C. This line will make with 
the given one the required angle of 60°. 

Prob. 15. (PI. II. Fig. 22.) From a point on a given line to 
draw a line making an angle of 45° with it. 

Let B be the given point on the line I) E. 

1st. Set off any distance Ba^ along D 77, from B, 

2d. Construct by Prob. 6 a perpendicular io D E dX a. 

3d. Set off on tliis perpendicular a c ecjual to a B. 

4th. Having marked the point c, draw through Be line. 
This will make with 1) E the required angle of 45°. 

Prob. 16. (PI. 11. Fig. 23.) To divide a given angle into 
two equal parts. 

Let B A ChQ the given angle. 

1st. With any o])ening of the dividers and pencil point, 
describe an arc from the point and mark the points h 
and c, where it crosses the sides A B and A 0 oi the 
angle. 

2d. Without changing the opening of the dividers, describe 
from h and c an arc, and mark the point I) where the arcs 
cross. 

3d. DraAV a line through A D. This line will divide the 
given angle into equal parts. 

Verification. If we draw a line through b c, and mark the 
point d where it crosses AD; the distance b d will be found 
equal to d and the line b c perpendicular to A if the 
construction is accurate. 

Remarks. Should it be found that the point of crossing at 
D of the arcs described from b and c is not well defined, 
owing to the obliquity of the arcs, a shorter or longer dis- 
tance than A b may be taken with which to describe them, 
without making any change in the points h and c first set 
off. 

Prob. 17. (PI. II. Fig. 24.) To find the line which wil] 
divide into two equal parts the angle contained between two 
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^ven lines, when the angular point, or point of meeting of ^ 
two lines, is not on the drawing. 

Let A B and C Dht the two given lines. 

1st. By Proh. 10 set off a point at b at any distance taken 
at pleasure from A B, and by Prob, 11 draw through this 
point a line parallel to A B. 

2d. Set off a point d at the same distance from (7 as 6 is 
from A B, and draw through it a parallel to D C; and mark 
the point c where these parallel lines cross. 

3d. Divide the angle bed between the two parallels into 
two equal parts, by Prob. 16. The dividing line c a will also 
divide into two equal parts the angle between the given 
lines. 

Verification. If from any point, as o, on the line ca, a 
perpendicular o m be drawn to ^ and another on to C D, 
these two perpendiculars will be found equal if the construc- 
tion is accurate. 


Construction of Problems of Arcs of Circles, 
Straight Lines, and Points. 

Prob, 18. (PI. 11. Fig. 25.) Through two given points to 
iescribe an arc i f a circle ivith a given radius. 

Let B and be the two points. 

1st. Take off the given distance in the dividers and pencil 
point, and with it describe an arc from Z?an(i C re.spectively, 
and mark the point A where the arcs cross. 

2d. Without changing the opening oi rhe divider?, describe 
an arc from the point A through B and C\ which will be the 
one required. 

Prob. 19. (PI. II. Fig. 26.) To find the centre of a circle, or 
arc, the circumference of which can be described through three 
given points, and to describe it. 

Let A, B, and (7 be the three given points 

1st Takeoff the distance BA between the intermediate 
point and one of the exterior points, as A, with the dividers 
and pencil point, and with this opening describe two arcs 
from B. on either side of 
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2d. With the same opening describe from A two like ares, 
and mark the points a and b where these cross the two 
described from R 

3d. Draw a line througli a b. 

4th, With the distance B C in the dividers describe, from 
B and ares as in the jmeceding case, and marlv the points- 
c and d where these cross ; and then draw a line through c d, 

5lh. Having marked the ])oint 0 where the tvo lines thus 
drawn cross, place the ste(d point of the dividers at 0, and 
extending the pen(;il point to or either of the three given 
points, describe an arc, or a complete circle, with this opening 
This will be the required arc or cii-cle. 

Verification. The hict that the arc or circle is found to 
pass accurately through the three ])oints is the best proof of 
the coi’rectness of the o])erations. 

Proli. 20. (PI. 11, fhg. 20.) At a point on an arc or the 
circiunfcrenre af a circle la const r net a tangent to the arc or iJu 
vrf'k. 

Let 1) be the given point and O the centre of the circle. 

1st. Draw through 1) a radius 0 If and prolong it outwards 
from the arc. 

2d. At 1) construct by Proh. 0 a per})cndicular B D F io 
0 1), d^his is the required tangent. 

If the centre of the arc or the circle is not given, proceed 
as follows 

1st. With any convenient opening in the dividers and 
pencil point (Fig. 20) set olT from D the .same arc on each 
side of it, and mark the ])oints A and B. 

2d. Take olf the distance A B and describe with it arcs 
from A and B on each side of the given arc, and mark the 
points a and h where they cross. 

3d. Draw a line thioiigh a h. 

4th. Construct a }>erpcndicular to a h at D. This is the 
reepured tangent. 

Verijlcatiun. Having set olf from D the same distance on 
each side A it along a />, and having set off also any distance 
from D ahmg B t\ the distance from this last point to the otlier 
two set off on a h will be found e(|ual, if the construction b 

iocuratc. 
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Remarh. It sotiietiines happens that the point to wlneli a 
tangent is required is so near the extremity of the are, ns at 
Af or (7, that the method last explained cannot be a})plied 
In such a case we must first find the centre of tlie arc, or 
circle, which will be done by marking two other [loints, as B 
and u4, on the arc, and by Proh. 19 finding the centre 0 of 
the circle of which this arc is a portion of the circumference. 
Having thus found the centre, the tangent at (7 will be con* 
structed by the first method in tliis Proh 

Proh. 21. (PI. 11. Fig. 27.) At a fjivcii pouii on iht cir- 
aivifcrence of a given circle, to construct a circle^ or arc, of a 
given radius tangent to the given circlt. 

Let B be the given ])oint, and P the centre, which is either 
given, or has been found by T*rol. 19. 

1st. Through DB draw the radius, which extend outwards 
if the centres of the required circle and of the given one arc 
to lie on opposite sides of a tangent line to the first circle at 
H ; or, in the contrary ease, extend it, if requisite, from D in 
the opposite direction. 

2d. From B set oil along this line the length of the given 
radius of the required circle to (?, or to A. 

3d. From (7, or A, with the distance CB, or A B, describe a 
circle. This is the one required. 

Proh. 22. (PI. IL Fig. 28.) From a given point without a 
given circle, to draw two tangents to the circle. 

Let A be the centre of the given circle, and F the given 
point. 

1st. Through AB draw a line. 

2d. Divide the distance AB into tw^-^ equal parts by 
Proh. 5. 

3d. From C, with the radius (TA, desci ibe an arc, and mark 
the points 1). and E, where it crosses the circumference of the 
given circle. 

Ath. From B draw lines through D and E. These lines 
are the required tangents. 

Verification. If lines are drawn from A, U> D and E, they 
will be found per[)cndicular respectively to the tangents, if 
the construction is accurate. 

• Remark, in this Proh., as in most geometrical construe 
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tions, many of the lines of construction need not be actually 
drawn, either in whole, or in part. In this case, for example, 
a small portion of the line A — at its middle point, is alone 
necessary to detennine this point. In like manner, the points 
L and E could have been marked, without describing the arc 
actually, but by simply dotting the points required. In this 
manner, a draftsman, by a skilful selection of his lines of 
construction, and using only such of them, in whole, or in 
part, as are indispensably requisite for the solution, may, in 
complicated constructions, avoid confusion from the intersec- 
tion of a ’Multiplicity of lines of construction, and abridge his 
labor. 

Proh. 23. (PI. II. Fig. 29.) 2'o draw a tangent to two given 
circles. 

Let^ be the centre of one of the circles, and J.Cits radius; 
B the centre, and BE the radius of the other. 

1st. Through AB draw a line. 

2d. From (7 set off CD equal to BE. 

3d. From J, with the radius AD^ equal to the difference 
between the radii of the given circles, describe a circle. 

4th. From B by Proh. 22 draw a tangent BD to this last 
circle, and through the tangential point D^ a radius ACio the 
given circle. 

5th. Through C draw a line parallel 1o BD. This line 
will touch the other given circle, and is the required tangent. 

Verificatwn. CE will be found equal to BD^ if the con- 
Btiuction is accurate. 

Proh. 24. (PL II. Fig. 30.) Having two lines that make an 
angle., to construct within the angle., a circle with a given radius 
tangent to the two given lines. 

Let AB and AC the two given lines containing the 
angle. 

1st. By Proh, 16 construct the line AD which divides the 
given angle into two equal pans. 

2d. By Proh. 10 set off a point J at a distance from AB 
equal U) the given radius, and through this point draw the 
line ah parallel U) A B^ and mark the point a where it crosses 
AD. 
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8d. From a, with the given radius, describe a circle. This 
IS the one required. 

Verification. The distances Jc, and Ad. will be found 
equal, if the construction is accurate. 

Proh. 25. (PL IL Fig. 31.) Having two lines containing 
an angUy and a given radim of a circle ^ to construct^ as in die 
lost casCy this circle tangent to the two lines ; and then to construct 
another circle which shall he tangent to the last and also to die 
two lines. 

Let AB and CD be the two lines, the point of meeting of 
which is not on the drawing. 

1st. By Proh. 17 find tlie line EF equally divides the 
angle between the lines. 

2(1. By Proh. 24 construct the circle, with the given radius 
(LCy tangent to these two lines. 

3d. At hy where EF crosses the circumference, draw by 
Proh. 20 a tangent to the cirelc, and mark the j)oint d where 
It crosses AB. 

4th. From c?, set off de equal to dhy and mark the 
point e. 

6th. At e construct by Proh. 6 a perpendicular efy to ABy 
and mark the point / where it crosses EF. 

6th. Fromyj with the radius fcy describe a circle. This is 
tangent to the first circle, and to the two given lines. 

Bemark. In like manner a third circle might be con- 
structed tangent to the second and to tlie tw <'ivcn lines; 
and so on as many in succession as may be wanted. 

Proh. 26. (PI. 111. Fig. 32.) Ilavtng c circle and right lint 
giveriy to comtruct a circle of a given radius which shall ht tangent 
to the given circle and right line. 

Let (7 be the centre of the given circle, and AB the given 
line. 

Ist. By Proh. 12 draw a line parallel to ABy and at a 
distance BG from it, equal to the given radius. 

2d. Draw a radius CD through any point D of the given 
xircle, and prolong it outwards. 

3d. From D set off, along the radius, a distance DE equal 
wO BOy or the given radius. 

• 4th. From C. witli the distance CEy describe an arc 
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and mark the point F where it crosses the line parallel to 
AB, 

5th. From the point with the given radius describe a 
circle. This is the one required. 

Bemarh. If the construction is accurate a line drawn from 
Fto (7 will pass throuLdi the point wliere the circles touch, 
and one drawn fiorn A’perjKmdicnlnr to /1/iwill })ass through 
the point where the circle Itnichcs the line. 

If from the centre (\ a j)erpendicnlnr is drawn to AB^ and 
the points c, h and d where the perpendicular crosses the line 
and the given circle are marked, it will be found that the 
given radius cannot be less than one half of ah nor greater 
than one half of a<L 

Prok 27. (PI. III. Fig. 88.) Ihvnvfj a circle and right line, 
girni., to construct a circle nhtch shall h<‘ tangent to the given 
curie at a given 'pointy and also to the line. 

Let C be the centre of the given circle, ]) the given point 
oTi its circumference, and AB the given line. 

1st. By Prob. 20 construct a tangent to the given circle Rt 
the point J) ; prolotjg it to cross the given line, and mark the 
point A where it crosses. 

2d. By Prob. 16 construct the line AE tvhich bisects the 
angle between the tangent and the given line. 

8d. Through draw a radius, and prolong it to cross the 
bisecting line at K. 

4th. Mark the point and with the distance ED describe 
a circle. This is the re(|uircd circle. 

Prob. 28. (PI. 111. Fig, 84.) Having a circle and right Ime, 
t) construct a circle which shall be tangent to the given circle, and 
also to the line at a given point on it. 

Let (7 be the centre of the given circle ; AB the given line, 
and a the given point on it. 

1st. By Prob. 6 construct a perpendicular at a to the given 
line. 

2d. From a set off ab equal to the radius Cd of the given 
circle. 

8d. Draw a line through bCj and by Prob. 6 bisect the 
distance by a pjerpondicular to the line bC. 

4th. Mark the point r, where this perpendicular crosses the 
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one at a; and with ac describe a circle. This is the one 
required. 

Prob, 29. (PI. III. Fig. 35.) Having two circles^ to construct 
a third which shall be tangent to one of them at a given pointy 
and also touch the other. 

Let C and B be the centres of the two given circles ; and 
I) the given point on one of tlicni, at which the required 
circle is to be tangent to it. 

1st. Through CD draw a line, which prolong ouch way 
from C and D. 

2d. From D set off towards 6M,he (hstance DA equal to tlie 
radius BF of the other given circle. 

3d. Through AB draw a line, and bv Prohs. 5 anfl 6, bisect 
AB\)j the perpendicular GE. 

4th. Mark the point where tlie j)er{)cndicular crosses 
the line CD prolonged ; and with the distance ED describe a 
circle from E. This is the one required. 

Proh. 30. (PI. ITT. Fig. 36.) Having a given distance^ or 
line, and the perpendicular which bisects it, to construct three 
arcs of circles^ the radii of two of which shall he equal, and of a 
given length, and their centres on the given line ; and the third 
shall pass through a given point on the perpendicular and he 
tangent to the other two circles. 

Let AB be the given line, and D tlie given point on the 
perpendicular to AB through its middle ]»(>irit C ; and let the 
distance CD be less than A C, the half of A B. 

1st. Take any distance, te than CD, and set off from A 
and B, to h and e, and mark these t vo I'funts for the centres 
of the two arcs of the equal given radii le.s. 1 han CD. 

2d. Set off from D the distance Dc equal to Ah, and through 
he draw a line. 

3d. Bisect he by a perpendicular, by Prohs. 5 and 6, and 
mark the point d where it crosses the perpendicular Xo A B 
prolonged below it, tlie point d is the centre: of the third arc. 

4th. Draw a line through dh, and jirolong it ; and also one 
through de which prolong. 

5th. From b, with the distance I A, describe an arc from iX 
to 771 on the line dh ])n)loiiged ; and one, from the othei 
centre e, from B to on the line r/r,])rolonged. 

4 
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6th. From rf, with the distance dD^ describe an arc aiound 
to the two lines d\ and de prolonged. This is the third ara 
required, ^d touches the other two where they cross the 
lines dh and de prolonged at m and n. 

liemark. This curve is termed a half oval^ or a three cen/ e 
curve. The otlier half of the curve, on the other side of A 
can be drawn by setting off a distance Cg equijl to Cd^ and 
by continuing the arcs described from h and e around to lines 
drawn from y, through h and e; and by connecting these arcs 
by another described from y, with a radius equal to Dd. 

Proh. 31. (PI. III. Fig. 37.) Having a given line and the 
•perpendicular that bisects it; aUo two lines drawn through a 
given j)oint^ on the and each making the same 

angle with it; to construct a curve formed of four arcs of circles 
two of these arcs to have equal given radU^ and their centres to Ik 
on- the given line^ and at equal distances from its extremities ; each 
of the other arcs to have equal radii^ and to he tangent res 2 >ec‘ 
tively to one of the given lines where it crosses the j^^'f'pendicular 
and also to one of the first arcs. 

Let CD be the given line ; B the given point on the bisect- 
ing perpendicular ; and Bn., the two lines, drawn 

through making the same angle with the pcrj)endicular. 

1st. From (7 and 1), set off the same distance to h and rq for 
the given radii of the two first arcs; which distance must, 
in all cases, be taken less than the perqmidicular distance from 
the point h or a, to one of the given lines through B. 

2d. At B draw a })erpendicular to the line Bin. 

3d. Set off from 7^, along this perpendicular, a distance Bd 
equal Ch. 

4th. Draw a line through hd^ and bisect this distance by a 
perpendicular. 

5th. Having marked the point c, where this last perpen- 
dicular crosses the one at B^ draw through ch a line, and 
prolong it beyond h. 

6th. From i, with the distance hC^ describe an arc, which 
prolong to the line through he ; this is one of the first required 

arcs. 

7th. From c, with a distance cB^ describe an arc. This if 
one of the second required arcs. 



PROBLEMS OF CIRCLES, &C. 


51 


8th. Through a, and the point /, where he crosses the per' 
pendicular BA prolonged, draw a line. 

9th. From a, set off ae equal to he, 

10th. From a and e, with radii respectively equal to hC^ and 
cB, describe arcs. These are the others required; aud CBD 
the required curve. 

Remark. If the construction is accurate, the perpendicular 
through BA will bisect the distance ec. 

This curve is termed a four centre obtuse or pointed curve, 
according as the distance A B is less or greater than AC. 

Prob. 82.. (PL III. Fig. 38.) Ifavnuj a line^ and the per- 
pendicidar which bisects it^ and a gwen jtomt on the perpen- 
dwular ; to construct a curve formed of five arcs of circles, the 
consecutive arcs to be tangent ’ the centre,'^ of two of the arcs to he 
on the given line^ and at equal distances from its extremities ; the 
radii of the two arcs, respeetiveh/ tangent to these two, to be equal, 
and of a given length ; and the centre of the fifth arc, which is 
to he tangent to these two last, to lie mi the given perpen 
dicular. 

Let AB be the given line, and C the point on its bisecting 
perpendicular LC. 

1st. Take any distance, less than LC^ and set it off from B 
to D, and from ^ to / 

2d. From G set off CO equal to BD, and draw a line from 
G\dD 

3d. Bisect the distance DQ hy n. perpendicular ; and mark 
the point E, where this perpendicular crosse.^ ;he j)crpen- 
dicular Z(7 prolonged. 

4 th. Draw a line from E to D. 

5th, Take any distance, less than CE, equal to the given 
radius of the second arc, and set it off from C to F. 

6th. Through F draw a line parallel to AB. 

7th. Take off GF, the difference between (7/^ and CG, and 
with it describe an arc from D ; and mark the points a and h 
where it crosses the lines IJE and FH. 

8tb. Take any point c on this arc, between the points a 
and h, and draw from it a line to F. 

9th. Bisect the line cF by a perpendicular, and mark the 
p«>iat T where it crosses the perpendicular CL prolonged. 
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10th. From c draw a line througli D and prolong it ; and 
another from I prolonged through c. 

11th. From c draw a perpendicular to Cl : and from 
where it crosses CT, set off dg equal to cd, and mark the 
point g. 

12th. From 7 draw a line through g and prolong it; and 
one from g prolonged through / 

13. From and/ with the distance 7iZ), describe the arcs 
and Ap ; from c and g^ with the distance cm, or g-p^ 
describe the arcs mn, and po ; and from / with the distance 
7(7, describe the arc no. The curve BCA is the one 
required. 

EemarJes. This curve is also termed a semi oval; and, 
from the number of arcs of which it is composed, a curve of 
Jive centres. 

Prob. 33. (PI. HI. Fig. 39.) Having two parallel lirm^ to 
emsirv^ct a curve of three centres which shall be tangent to the two 
parallels at their extremities. 

Let AB and CD be the given parallels ; and B and D the 
points at which the required curve is to be drawn tangent. 

1st. From construct a perpendicular to AB., and mark 
the point b where it crosses CD ; and also a perpendicular at 
D to CD. 

2d. From B, set olf any distance Be less than the half of 
Bb ; and through c draw a line ])arallcl to AB, and mark tlie 
point d where it crosses the perpendicular to CD. 

3d. From c, set oil, along cd prolonged, the distance ca 
equal to cll. 

4th. Taking ca, as the radius of I lie lir.st arc, construct a 
quarter oval by Prob. 30 through the points a and D. 

6th. Prolong the arc described froiri o to the point B. The 
curve BaD is the one required. 

Bemark. This curve is termed a scotixi of two centres. 

Prob. 34. (PI. III. Fig. 40.) Having two parallels, to con- 
st ruvt a quarter of x curve of five centres tangent to them at their 
extremities. 

Let AB and CD be the given parallels, and B and D theii 
extremities. 

1st. Proceed, as in the last case, to draw the perpendiculars 
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At and Z), and a parallel to AB tliroiigb a [joint c, taken 
on the first jierpeiidieular, at a distance from 7? loss than the 
half of lU 

2d. Set off from c a distance ca equal to cB ; and on cui 
and Dd describe the quarter oval by Pwh. 32. 

3d. Prolong tlic first arc from a to /?, which will complete 
the required curve. 

Remark. This curve is termed a scotia of three centres. 

Proh. 8o. (PI. ITT. Fig. 41.) Thivmn tiro pamlleh and a 
given point on to construct two equal arcs ichich shall he 

tangent to each other and respectively 'amjent to the parallels at 
the given points. 

Let A B and Cl) be the two parallels ; B and D the given 
points. 

1st. Draw a line through BP^ and bisect the distance 
BIX 

2d. Bisect each half BP, and EDhj perpendiculars. 

3d. From 71, and 1) draw perpendiculars to AB and CD^ 
and mark the [joints u, and whete they cross the bisecting 
perj)endicula.rs. 

4th. From u, with the distance u7f, describe an arc to B; 
and from 6, with the same distance, an arc EIX d'hese are 
the rf'([uired arcs. 

Proh. 86. (lb. 111. Fig. 42.) Having two parallels^ and a 
point on eachy to construct two equal arcs uhich shall be tangent 
to each other, have their centres respectively on tfw parallels, 
and pass thi'ough the given points. 

Let AB and CP be the paralle’c, B and I) the given 
points. 

1st. doin BD by a line and bisect it. 

2d. Bisect each half BE, and ED by a perpendicular; and 
mark the points a and h, whcic the [icrpendiculars cross the 
parallels. 

3d. From a, with a 77, describe the arc BE ; and from 6, 
with the same distance, the arc DE. These are the required 
area 
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Construction of Projilkms of Circles and 
Rectilineal Figures. 

Ptob. 37. (P]. 111. Fig. 43.) Having the sides of a triangli 
to construct the figure. 

Let ACy BG^ and A B be tbc lengths of the given sides. 

1st. Draw a lino, and set olf upon it the longest side AB. 

2d. From the point A^ with a radius equal to AC, one ol 
the remaining sides, describe an arc. 

3d. From the })oiiit B, with the third side BO^ describe a 
second arc, and mark the point G where the arcs cross. 

4th. Draw lines from (7, to A and B. The figure A GB is 
the one required. 

E^mark. Tlie side AG might have been set olf from i?, 
and BG from *4 ; this would have given an equal triangle to 
the one constructed, but its vertex would have been placed 
diliercntly. 

liemark. This construction is also used to find the position 
of a point when its distances from two other given points are 
given. We jiroceed to make the construction in this case 
like the preceding. It will be seen, that the required point 
can take four diflerent jiositions with respect to the two 
others. Two of them, like the vertex of the triangle, will lie 
on one side of the line joining the given points, and the other 
two on the other side of the iine. 

Proh. 38. (PI. III. Fi:' 44. ^ Having t,\t nf a 
construct the figure. 

Let ABht the given side. 

1st. Draw a line, and set off ^7? upon it. 

2d. Construct perpendiculars at ^4, and /?, to AB. 

8d. From A and B^ set off the given side on these perpen- 
diculars to G and D ; and draw a line from G to D. The 
figure ABGD is the one reij^uired. 

Proh, 39. (PL III. Fig. 45.) Having Hue two sides of a 
parallelograrrij and the angle contained by them^ to cmstnwt thi 
figure. 

Let AB^ and be the given sides; and E the given 
angle. 
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1st. Draw a line, and set oil* A /> upon it. 

2d Construct at A an angle erpial to the given one br 
Prob Id. 

3d. Set of!', along tlic side of this angle, from ^4, the othei 
given line A C. 

4th. From C, with the distance .1 P describe an arc, and 
from B with tlie distance .1 de.^cri!)e another arc. 

Oth. From the point D, whore the are.s cro.^s, draw lines to 
C, and B. The ligure jy>7>t"is the om, rcfpiiied. 

Pi'ntK 40. (FI. III. Fig. 40.) To rin-'jiii.''rrii)C a fjiven triangle 
by a enrir. 

Let .1/74 be the given triangha 

As the eitcuinf ‘nmee of tlie re^piiied circle must be 
described through tiie tliree given jioints .1, B and (7, ita 
centre and radius v ill be ibund preeisely as in Broh. 19. 

Prolu 41. (LM. ill. Fig. 47.) In a f/inii triangle to inscribe 
a cirrle. 

Let A be the given triangle. 

1st. By Prob. 10 construct the lines bisecting the angles A, 
and 0 ; and maik tlie point 1) where lluse lines cross. 

2d. From 1) by Prob. 8 construct a perjicndicular DE^ to 

Aa 

8d. From // with the distance DE., describe a circle. This 
IS the one required. 

Prob. 42. (FI. IV. Fig. 48.) In a given circle to inscribe a 
square. 

Let 0 be the centre of the given circle. 

1st. Through D draw a diamek . A F, and a second dia- 
meter CD perpendicular to ii. 

2d. Draw the liiiCs AC, CB, BD, and DA. The figure 
ADBC is the one required. 

Prob, 43. (FI. IV. Fig. 48.) In a given circle to inscribe a 
regular octagon. 

1st. Having inscribed a square in the circle bisect each of 
its sides ; and through the bisecting points and the centre 0 
draw radii. 

2d. Draw lines from the points d, b, o, c, where these radii 
meet the circumference, to the adjacent points A, &c. The 
figure dAhC kQ. is tlie one required. 
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Remark. By bisecting tlie sides of tbe octagon, and draw 
mg radii through the points of bisection, and then drawing 
lines from the points where these radii meet the circumference 
to the adjacent points of tlie octagon, a figure of sixteen equal 
aides can be inscribed, and in like manner one of 32 sides, 
&c. 

Proh. 44. (PL IV. Fig. 49.) 7b inscribe in a given circle 
a regular hexagon. 

Let 0 be the centre of the given circle. 

1st. Ilaviiig taken off the radius OJ., commence at J., and 
set it off from A to i?, and from A to on the circum- 
ference. 

2(1. From B set off the same distance to C ; and from C to 
and so on to F. 

3(1. Draw lines between the adjacent points. The figure 
ABC ko,. is the one required. 

Remark. By a process similar to the one emjdoyed for 
constructing an octagon from a square, we can, from the 
hexagon, construct a figure of 12 sides; then one of 24; and 
go on doubling the number of sides. 

Proh. 45. (PI. I Y, Fig. 49.) To inscribe in a give?!, circle an 
equilateral triangle. 

Having, as in the last problem, constructed a regular hex- 
agon, draw lines between the alternate angles, as AC^ GE^ 
and FA ; the figure thus formed is the one required. 

Prob. 46. (PI. IV. Fig. 50.) To inscribe in a given circle a 
regtdar penlag<m. 

Let 0 be the centre of the given circle. 

1st. Draw a diameter of the circle AB^ and a second one 
CD perpendicular to it. 

2d. Bisect the radius OB., and from the point of bisection 
a set off tiie di.stance a (7, to />, along AB. 

3d. From C, with the radius Cb^ describe ar» arc, and mark 
the points //, and /, where it crosses the circumference of the 
given circle. 

4th. I'roiu 7/, and /, set (jlf the same distance to 0 and R 
on the circumference. 

5th. Diaw the lines 677, 7777, (7 76, AT, and 1C. The 
figuie CUGKl is the one re<piired. 
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Prob, 4:7. To construct a rtyular figure, llw sides of which 
ihall he respectively tynal to a given line. 

Let J.Z? be tlie given line. 

First Method. (PL TV. Fig. 50.) 

1st. Construct any circle, and inscribe within it a regular 
figure, by one of the pi eceding Prohs. of the same number of 
sides as the one required. 

Let us suppose for example that the one recpiircd is a pen- 
tagon. 

2d. Having constructed this iiusorilKd ligure, draw from 
the centre of the circle, through tic Migular })oints of the 
figure, lines; ami prolong them outwards, if the side of the 
inscribed figure is l(‘ss than th<‘ gwmi line. 

8d. Prolong an\ one »>f tin; sides as fV, of' the inscribed 
figure, and set oil* along it, Ironi the annular point C’J a dis- 
tance Cm equal to the given line. 

4th. Througii draw a line ])arallel to the line drawn 

from 0 through and mark the ])oint //, where it crosses 
the line drawn from i) through 1. 

5th. Through ?i, draw a line parallel to Cf and mark the 
point 0 , where it crosses the line OC prolonged. 

fith. From 0, set oil' along the other lines drawn from G 
through the other angulai points, the distances 0/>, Og, and 
Or, each equal to Om^ or On. 

7th. The points e, j>, and n being joined bv lines; the 
figure ojiqrn is the one required. 

Secoml Method. (PI. iV. Mg. 51.) 

1st. Draw a line and set off the given line A B iqion it. 

2d. At B construct a perpendicular to A B. 

3d. From /?, with /LT, describe an arc Aa. 

4th. Divide this arc into as many equal }»arts as number of 
sides in the required liguie; and mark the points of divisioD 
from a, 1, 2, 3, &c. 

5th. From A, wdth AB, describe an arc, and mark tht 
point c where it crosses the arc Aa. 

6th From B draw a line through the division point 2. 

'’th. From c, set off the distance c2, to on the arc Be. 
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8th From .4, draw a line through and mark the point 
0 where it crosses 

9th. From 0, willi the distance OA^ or 07>, describe a 
circle. 

10th. Set off the distance AB to (7, /4, &c., on the circum- 
ference. 

11th. Draw the lines Ji(\ CI)^ DR^ &c. This is the 
required figure. 

/Rrnarh. 44ie figure taken to illustrate this case is tlie 
pentagon, for tin' purpose of conij)ariiig tlie two methods. 

J^roh. 48. (PJ. IV. Fig. 51.) To circuviscrihe a gimi circle 
hy a rcyiddr Jifjftrr, 

1st. Inscribe in the circle a regular ligure of the same 
number of sides as the om* to be circumscrilx'd. 

2d. At the angular [loints of the insei-ibed figure, draw 
tangents to the given circle, and mark the points where the 
tangents cross. These jtoints are the angular points of the 
required Jigure, and the portions of the tangents between 
them ar(! it.^' sides. 

/R7na?-,h\ The figure taken to illustrate tins, is the cir- 
cumscribed regular pentagon M(/. 

Proh. 49. (PI. IV. Fig. 49.) To hisrrihe a circle in a given 
regular jigure. 

1st. Bisect any twi) adjacent sides of the ligure by perpen- 
diculars, and mark the point wdierc they cross. 

2d. From tliis {)oint, with the distance to the side bisected, 
describe a circle. This is the one required. 

Peimirks. The figure taken to illustrate this case is the 
regular hexagon ; wn and np aie the adjacent sides bisected 
by the perpendiculars to them aO, and hO ; 0 is the centre 
of the required circle, and Oa its radius. 

Proh. 50. (PI. IV. Fig. 52.) 7h inscribe^ in a given circle., 
a given number of equal circles which shall he tangent to the given 
circle, and to each other. 

Let 0 be the centre of the given circle. 

1st. Divide the circumference into as many equal parts, by 
lines drawn from 0, as the number of circles to ba 
inscribed. Let us take, for illustration, six as the required 
number. 
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2d. Bisect the nn.^le, as J)01\ hetween any twe of these 
lines of division, and prolong out the bisecting line 

3d. Construct a tangent to the given circle at either /?, or 
/), and mark the })oiiit a Avhere this tangent crosses the 
bisecting line. 

4th. From a, set otfu/i to along tlie bisecting line. 

5th. At h construct a ] perpendicular to ^ki, and mark the 
point c Avliere it cros^e-^ dH. 

bill. From e, with the ilistance c/>, describe a circle. Tliis 
is one of the re(piired eiieles. 

Ttli. Fre.in the other ])oints of division, />, S:c.^ set otF 
llie same distance and from the tliu" set oil ■with 

tiiis di^tanec descri he circles. Tlrose are the other required 
circles. 

' I’l. IV, F'i_f. y\) cirnnit.'^crihr (I curie 

htj a It iimiihn' "f'rix'i, s huitfcnt io ii\ ami (o each alhcr. 

Isl. Ilavin-J di\i«led rlie given (arele into a numlun- of 
p(]ua! pert^, tin' samo as the given numlpcr of required ciicles; 
bisect, in the same wav, the angle between any two adjacent 
lines of' division. 

Let us take for illustration six a.' the nundjcr of rcriuired 
circles. ^ 

2d. Pn^long outwai'ds one of the lines of division, as 01)^ 
and also the litiC, as tA/, that bisects the angle between it and^ 
the adjneeid line of division Oa. Clonstriict a tangent atZ> 
to the given earclc; and maik the, point J wl lo it crosses the 
bisecting line. 

3d. From/ set off//)' to (/, along ' e bisecting line; and 
at construct a jicrpendicular to this Iil-, and mark ihc point 
g where it crosses the line OD. 

4th. From .7, with the distance (jD\ or 7/ describe a circle. 
This is one of the required circles. 

5th. Prolong outwards the other lines of division ; and set 
off along them, from the points where they cross the circum- 
ference, the distance J)\j ; and from these points with thii 
distance describe circles. These are the remaining required 
circles. 
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Construction of Proportional Links and Figures. 

Proh. 52. (PL IV. Fig. 53.) To divide, a given line intc 
parts tnhich shall he proportmtal to two other given lines. 

Let AB be tlie given line to be divided; ac and ch the 
other given lines. 

1st. Throngli A draw any line making an angle with 
AB. 

2d. From A set off dr equal to ac : and from c the other 
line ch. 

3d. Diaw a line through h ; and through c a parallel to 
Bh^ and mark the point C where it crosses A B. This is the 
required })oint of division ; and d (7 is to CB as ac is to 
ch. 

Pi oh. 53. (PI. IV. Fig. 54.) To divide a line into any 
nmnher of parts which shall he in any given proportion to each 
oiher^ or to the same nunihcr of given lines. 

Let A B be the given line, and let the number of pro- 
portional paits for example into which it is to be divided 
be four, these ])arts being to each other as the numbers 3, 5, 7, 
and 2, or lines of these lengths. 

1st. ddirough A draw any line making an angle with 
AB. 

2d. From any scale of equal parts take oil* three divisions, 
and set this distance off from dL to 3 ; from 3 set off five of 
the same divisions to 5 ; from 5 set olf seven to 7 ; and from 
7 two to 2. 

3d. Draw a line through B% and parallels to it through 
tne points 7, 5, and 3, and mark the points d^ c, and h where 
the parallels cross AB. The distances Ah^ hc^ cd^ and dB are 
thi.se re(^uired. 

Remark. Any distance from a point, as A for example, on 
A B^ to any other jwiiit as (/, is to the distance from this point 
to any other, as Ah for exarrqdc, as is the corresponding 
distance A7 to A 3, on the line d.2. 

Prob. 54. (PL IV. Fig. 55.) 7b find a fourth proj^ortional 
t) three given lines. 

Let ib, and ad be the three given lines to which it is . 
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required to find a fourth proportional which shall be to cw? a^ 
a5 is to oc. 

1st. Draw a line, and, from a point A, set off equal tc 
ab ; and BC equal to he. 

2d. Through A draw any line, and set off upon it Al)^ 
equal to ad. 

3d. Draw a line through DBj and a j^arallel to DB throngli 

and mark the point E where this crosses the line dj’awii 
through A. The distance I)E is the required h)iirth j)ro* 
portional. 

Proh. 55. (PI. IV. Fig. 5b.) Tv Jind the line which is a 
mean proportional to two give?! lines. 

Let ab and he be tlje given lines. 

1st. Draw a line, and set off on it AB^ and BO, equal 
res])ectively to ah, and hr. 

2d. Bisect the distance .4 (7,* and, from the bisecting point 
0, describe a semicircle with the radius ()C. 

3d. At 7 j construct a perj)endicular to AC; and mark the 
point D where it crosses the circumlerence. The distance 
Bl) is the line requirt^d ; and ah is to BI) as BJ) is to 
be. 

Proh. 66. (PI. IV. Fig. 57.) To divide a given line into 
two par U, such that the entire line shall be to one of the parts, cw 
this part is to the other. 

Let ah be the given line. 

1st. Draw a line, and set oft' A/? equal tr ah; and at B 
construct a perpendicular to A B. 

2d. Set off on the [jerpendicukv ' equal to the half of 
AB, and draw a line through AD, 

3d. From D, with DB, describe an arc, and mark the point 
0, where it crosses AD. 

4th. From A, w ith C, dt^scribe an arc, and tnark the point 
E, wdi ere it crosses A 5. The })oiut E is the one required; 
and AB is to AE, as A ^ is to EB. 

Bemark. This construction is used for inscribing a regular 
decagon in a given circle. To do this divide the radius of the 
given circle in the manner just described. The larger portion 
SB the side of the required regular decagon. 

• Raving described the regular <hr:ig<m, the regular pen 
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tagoii can be formed, by drawing lines through the alteraati 
angles of the decagon. 

Proh. 57. (PI. iV. Fig. 58.) Having any given fyure, to 
coyistritct anotlwry the angles of which shall be the same as the 
angles of the given figure^ ami the sides shall he in a given pro- 
portion to its sides. 

Let A JiCDKF be the given figure. 

Ist. Prolong any two of the adjacent sides of the given 
Ogure, as.4/>, and A F, if the one re(]uired is to be greater 
than tlu" given one; and, from .1, draw lines tlirough the 
other angular points (\ J)^ and K. 

2vl. From .4 set otV a distance Ah, which is in the same 
proportion to AH, as the side of* the required figure corres- 
potiviing to Jj(\ IS to D(' ; (»r, in other words, .4Z> must ho 
contained as many liln<'^ in Ah as PC in the corresponding 
side of the requiri'd lignre. 

od. From h draw a line jiarallel to BC, and mark the point 
c, wlierc it crosses ylC' prolonged ; from c draw a parallel to 
CD, and mark the point where it crosses AD jirolongcd; and 
so on for each required side. The figure Ahcdef is the one 
required. 


Construction of Equivalent Figures. 

Proh, 68. (PI. IV. Fig. 59.) To construct a triangle which 
shall he equivalent to a given parallelogram. 

Let ABCD be the given jiarallelogram. 

1st. Prolong the base AB, and set oil BE equal to AB. 

2d. Draw lines from C, to A and E, The triangle A CE is 
the one required. 

Proh. 59. (PI. IV. Fig. 60.) To construct a triangle which 
shall he equivalent to a given quadrdateral. 

Let A BCD be the given quadrilateral. 

1st Draw a diagonal, as AC. 

2d. From B the adjacent angle to (7, to which the diagonal 
us drawn, draw a line parallel to AC, prolong the side AB 
opposite to BC, and mark the point F, where it crosses the 
parallel to A C. 
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3d. Draw a line from C to F. The triangle FCl) is the on« 
required. 

Prob. 60. (PI. lY. Fig. 61.) 2h construct a triangle equiia' 
lent to any given polygon. 

Let ABCDEFQ be the given polygon. 

1st. Take any side, as AB^ as a base, and, from A and 
draw the diagonals AF and BD to the alternate angles to 
A and B. 

2d. From 0 and the adjacent angles, draw Qa parallel 
to FA^ and Cb to DB. 

3d. From the alternate angles F and />, draw the lines 
Fa and Dh, A figure ahDFF is thus formed, which Ls 
equivalent to the given one, and having two sides less 
than it. 

4th. From the angles a and at the base of this new 
figure, draw diagonals to the alternate angles, to a and h (in 
the Fig. this is the angle E\ and proceed, precisely as in the 
3d operation, to form another figure e(pii valent to llie last 
formed, and having two sides less than it. Proceed in this 
way until a quadrilateral or pentagon is formed equivalent 
to the given figure, and converi tlfis last into its equivalent 
triangle, which will be the one required. The case taken for 
illustration is a heptagon, and llEI is the equivalent 
triangle. 

Prob. 61. To construct a triangle etjuivahnt to any regular 
polygon. 

1st. By Prob. 49 find the radius of the cij le inscribed in 
the polygon. 

2d. Set off on a right line a distance ^qual to helf the sum 
of the sides of the polygon. This distance will be the base 
of the equivalent triangle, and the radius of the inscribed 
circle its perpendicular or altitude. 


Construction of Curved Lines by Points. 

Prob. 62. (Pl.rV.Fig. 62.) To consiruA^t an ellipse on given 
transverse and conjugate diameters. 

D^nitutm. An ellipse is an oval-shaped curve. The line 
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A—B that divides it into two equal and symmetrical parts ia 
termed the transverse aods. The line G — D, perpendicular to 
the transverse at its centre point, is termed the conjvgate axis. 
The points A and B are termed the vertices of the curve. The 
points E and on the transverse axis, which are at a dis- 
tance from the points C and 7), the extremities t^f the con- 
jugate, equal to the semi-transverse 0 — are termed the 
foci of the ellipse. 

The ellipse lias the characteristic feature that the sum of 
any two lines, as in — A" and m — drawn from a point, as 
on the curve to the foci, is equal to the transverse axis. It is 
this characteristic property that is used in constructing the 
curve by points. 

First MeUvod. 

Let ah be the length of the transverse, and cd that of the 
conjugate diameter. 

1st. Set oil' «/>, from A to i^, on any line, bisect .di? by a 
perpendicular, and set oil' on this perpendicular the equal 
distances 06’, and OD^ each equal to the half of c7. 

2d. From (7, with the radius OA^ describe an arc, and 
mark carefully the points E and F^ where it crosses AB. 

3d. From A^ take oil' any distance Ah, and mark the 
point h, 

4th. With the distance Ah describe an arc from E^ and a 
like one from F, 

6th. Take off the remaining portion hB of AB ; and with 
it describe from the points E and 7" arcs, and mark the points 
m, n, 0 , p, wliere these arcs cross. These are four points of 
the required ellipse. 

6th. To obtain other points of the curve take any other 
point on AB^ as c; and with the distances Ac and cB, 
describe arcs from E and F, as before. The points where 
these cross are four more points ; and so on for as many as 
may be required. 

Second Method, 

Having cut a narrow strip of stiff paper, so that one of its 
edges shall be a straight line, mark off from the end of thii 
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»trip, along the straight edge, a distance rt equal to A Oj half 
the transverse avis of the ellipse ; and from the same point a 
distance rs equal to OC, half the conjugate axis. 

1st. Place the strip thus prepared so as to bring the point 
8 on the line ABof the transverse axis, and the point t on tlie 
line Cl) ; having the strip in this position, mark on the 
drawing the position of the point r ; tins is one point of tlif 
roqiiired curve. 

2d. Shift the strip of pa])cr to a new position, to the right 
or left of the first, and having fixed ii so that the point s is 
on .47?, and the})oint t on CD^ rea'k the s('cond position of 
the point r ; this is the second jkumL of tin* t'ln \e. 

By placing the strip so thui. the lirst ]»oiiit marked may be 
near A, and gradually shifting it towards (7, as many points 
may be marked as may be wanted ; arid so on for the 
remainder of the curve. 

3d. Through the points thus marked draw a curved line. 
It will be the required ellipse. 

Rrifiark. The accuracy of the curve when completed will 
depend upon the steadiness of hand and correctness of eye of 
the draftsman. When the points of the curve have been 
obtained by the first method, the a.c.(;uracy o(’ their position 
may be tested as follows: — Joining the corresponding points, 
ds m and n, or o and above and below the line ABj by 
dght lines, these lines 7n7i and op will be perpendicular to 
d/?, and be bisected by it if the construction is cor- 
’ect. 

Prol). 63. (PI. V. Fig. 63.) flavinff the tramvetse axis of 
TK ellijfsej and one point of the caro(\ V, constnif'f the conjugaU 
la'/.v. 

Let AB be the transverse axis; and a the given point 

1st. Bisect AB hy a per})endicular ; and from the centre 
point (>, with a radius 0/1 , describe a semicircle. 

2d. Constr uct, from a, a perpendicular to AB, and mark 
me p(hnt c where it crosses the semicircle, 

3d. Join 0 and c ; and from a draw a parallel U) A B, and 
mark the point r where the parallel crosses Oc, 

4th. From 0, set ofl' Or to C on the perpendicular. The 
iistance 00 is the required semi-conjugate axis. 
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Eemark. Having the semi-conjugate other points of tht 
carve can be found, as in the preceding Proh, 

Prob, 64. (PI. V. Fig. 63.) At a point on the curve of an 
ellipse to construct a tangent to the curve. 

Let m be the point at which the tangent is to be 
drawn. 

1st. With OA^ as a radius, describe a semicircle on AB. 

2d. From m construct a ])crpcndicular mq to AB^ and mark 
the point where it cros.ses the semicircle. 

3d. At n construct a tangent to the .semicircle, and prolong 
it to cut the transverse axis prolonged at p. 

4th. Through p and m draw a line. This is the required 
tangent. 

Prob, 65. (PI. V. Fig. 63.) From a point without an 
ellipse to construct a tangent to the curve. 

Let D be the given point from which the tangent is to be 
drawn. 

1st. Join the point D with 0 the centre of the ellipse, and 
mark the point e where this line cuts the ellij)se. 

2d. From 0, with the radius OA, describe the semicircle 

MB. 

3d. Through e draw a perpendicular eg to the transverse 
axis, and mark the point g where it cuts the semi- 
circle. 

4th. Through the point J) draw a perpendicular ])f to the 
transverse axis, and prolong it towards d. 

5th. From 0 draw a line through prolong it to cut the 
perpendicular Df and mark the point d of intersection. 

6th. From c?, by Prob. 22, construct a tangent to the semi 
circle, and mark the point h of contact. 

7th. From h draw a perpendicular hlc to the transverse 
axis, and mark the point i where it cuts the ellipse. 

8th. From D the given point draw a line through i. This 
is the required tangent. 

Remark. The other tangent from D to the ellipse can be 
readily obtained by constructing the second tangent to the 
circle, and from it finding the point on the ellipse which 
corresponds to the one on the circle, in the same manner a» 
the point i is found from h. 
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Prob. 66. (PL IV. Fig. 64.) To copy a given curvt by 
points. 

Let A CD be ibe given curve to be copied. 

1st. Draw any line as A across the curve. 

2d. Commencing at A set olF along AB any number of 
equal distances as A 1, 1 — 2, 2 — 3, &c. 

3d. 'rb rough the ]')()ints 1, 2, 8, &c., construct per})cndicu- 
Inrs to AB^ and })rolong them to cut the curve at ??, a, 

&c. 

4th. Having drawn a right line, sol oil' on it tlic equal 
distances A — 1, 1 — 2, &-c., taken otf tV >m the line HZ>, and 
through the })oints thus set oiT on t!ie second line draw per- 
pendiculars to it. From the })oints where these perpendicu- 
lars cross the line, commeiieing at tlie iirst, set olf the 
distances 1 — m, 2 — e, &c., on tlic portion of the })er])endicu- 
lars above tlie line ; and the distances 1 — u, 2 — p, <Scc., below 
it. The curve drawn through the {mints tluis set off will be 
a copy of tlic given one; the accuracy of the copy de])ending 
on the skill of the draftsman. 

Prob, 07. (PI. TV. Figs. Of), GO.) To make a copy of a 
given curve, so thut the lines of the copy shall he yrealer or smaller 
than the correywndiny lines of the yiren curve in any given ptro^ 
portion. 

1st. Having drawn a Imc AB across the curve (Fig. 6*1) 
Bet off along it the equal distances .4 — 1, 1 — 2, &c., and 
through the points 1, 2, &;c., construct jiei pendiculars to AB, 
and prolong them to cut the curve on (*ach sio (4’ it. 

2d. Draw any line, as ah (Fig. 0*), ^ n whicli set otf equal 
distances a — 1, 1 — 2, &c., each in the gi en {iroj.uvtleri, take 
for example that of 1 to 3, to those set olf on the given 
figure, that is, make a— 1 the one-third of A — 1, &c., and 
through the points 1, 2, &;c., construct perpendiculars to 
ah. 

4th. Set off any given line cd (Fig. 66), with the distance 
cd describe two arcs, and join the point e, where they cross, 
with c, and d. 

5th. From e set off cf and eg, each equal to one-third of od^ 
and join / and g. 

6th, From c set off cm, equal to 1 — ilf (Fig. 04) ; co equal 
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2 “ 0 , &0 ; join e with the points m, o, &c. ; and mark the 
points r, s, &c., where these lines cross fg, 

7th. Set off the distance fr from 1 to m (Fig. 65) ; fs from 
2 to 0 , &c. The points m, o, &c., are points of the required 
copy. In like manner the distances &c., below a6, are 
constructed. 

Remark. The method here used (Fig. 66) for constructing 
the ])roportional distaiices/r,y5, &c., to those cm^ co^ &c., can 
be used in all like cases, as for example in Proh. 17. It 
furnishes one of the most accurate methods for such cases, as 
the lines drawn from c, cross the line fg so as to mark the 
points of crossing ?*, .<?, &c., Avith great accuracy. 

Proh. 68. (PI. Y. Fig. 67.) Through three given ’points to 
describe an arc of a circle hy points. 

Let By and Cbe the given points. 

1st. From Ay with tiie radius A Cy the distance between the 
points farthest apart, describe an arc Co; and from 6^ with 
the same radius an arc Ap. 

2d. From A and C. through By draw lines, and prolong 
them to a and h on the arc,s. 

3d. From 6, set off any number of equal arcs b — 1, 1—2, 
&c., above b; and from a the same number of equal arcs 
below a. 

4th. From Cy draw lines 0 — 1, 0 — 2, &c., to the points 
above b; and from A lines A — 1, &c., to the corresponding 
points below a. 

6th. Mark the points, as m, &c., where the corresponding 
lines A — 1 and C — 1, &c., cross. These are points of the 
curve. 

6th. Having set off equal arcs below 5, and like arcs aho\e 
a, join the corresponding points with A and C. The points 
n, &c., to the left of By are points of the required curve. 

Remark. This construction is only useful when, from the 
position of the given points, the centre of the circle which 
would pass through them cannot be constructed. 

Prob. 69. (PL V. Fig. 68.) Having given the axis, ihi 
vertex, and a point of a parahohy to find other points of tJis 
curve and describe it. 
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Lot A B l)e the axis ; A the vertex ; and C the given 
point. 

1st. iFrom C drawn j)erpeiidicular to and mark the 
point d where it crosses A B, 

2d. At ^ construct a perpendicular to AB^ and from C a 
parallel to AB^ and mark tlie point 7^ where these two lines 
cross, 

8d. Divide Cd and CF respectively into the same number 
of equal parts, say four for exam}de. 

4th. From iIk* points of division 1, 2, 3, draw 

parallels to A /^ ; and from the }>oint A lines to the pointa 
1, 2, 8 on 

5th. Mark the points wher<‘ the Ihios from A cross 

the corres})onding parallels to J7>. These will be the required 
points throULdi which the curve is tiaced. 

()th. Through th(‘ points .r, y,,?, drawing perpendicularsto 
AB, and IVom the points a, />,r, where tiu-y cross it, setting! 
off distanc(‘s u.r, hy\ and rA resjiectively ecpial to mr, &c. ; • 
the points y, y, z' will be the portion Ay>of tlie curve below 
. 1 />'. 

I^roh. 70. (PI. V. Fig. 89.) IlavuKj (jinen Ihc dimnekr of 
a circle^ to construct a riyht Um which shall he equal in length to 
its circuinfrrence. 

Let Ai/ be the given diameter. 

1st. Draw a right line, and having, from any convenient 
scale of equal jiarts, taken olf a distance greater than the 
given diameter, and equal to 118 of these cq ial parts, set it 
off from a to h. 

2d. From a and /i, with the distance uc, describe arcs, and 
from the jioint o, where they cross eacli other, draw lines 
through a and h. 

3d. Take off from the scale a distance equal to^JJj^qual 
parts, and set it off from r, to (7, and e, on the lines drawn 
through a and h; and join the points d and e, 

4th. From a, set off on ah^ the distance am, equal to the 
given diameter AM; and from c, draw a line through m, and 
prolong it to cross de at n. The distance dn is the required 
length of the circumference. 
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CHAPTEE IV. 

TINTING AND BDADINO. 

Lilie Shading. 

1 . Flat tints. It is often necessary to cover a surface with 
equi-distaiit parallel lines. This is good practice for the 
eye, as well as the hand, as the distance between the lines 
should be obtained by the eye alone; use the triangles fur 
this, sliding one along the other or, better, against the square. 

When the s})acing is uniform and the lines smooth, it gives 
the effect of a flat tint. If, while doing this, you should hap- 
pen to make a space larger, or smallc’*, than tlie ])rece<ling, 
do not make the next line at the regular distance from the 
last, as this would make the break in the spacing more notice- 
able, but gradually reduce, or increase this distance until the 
regular space is reached, and then continue with that. 

These irregularities in spacing arc less noticeable where 
the spacing is coarse; so that it is well in beginning to make 
the lines at least of an inch apart. With ])ractice this can 
be reduced ; the fineness of the spacing should have some 
reference to the size of the figure. 

Tills kind of shading is used mostly for sections, as shown 
in Fig, 156. PL XVII. ; it being customary to run the lines 
45° in either direction. Where the sections of two bodies 
join, as in Fig. 3. PI. I.* let the lines run in opposite direc- 
tions; where there are more than two bodies, try to arrange 
BO that on no two adjacent ones the lines run in the same 
direction ; if necessary change the angle. 

For practice take four rectangles and cover with lines, aa 
shown in Fig. 2. PL I*. Afterwards try Figs. 3, 4, 5, using 
finer spacing. The student can easily vary these figures. 
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2. Graduated tints. There are two methods bj which a 
graduated tint may be obtained ; first, by varying the distanceg 
without changing the size of the line (PI. 1*. Fig. 6), or sec- 
ond, by changing the size of the lines as well as the distances 
(PI. 1.* Fig. 7). The effect of the last method is the best; 
always shade from the dark line to the light. Try shading a 
rectangle by cacli method. 

For further practice try the shading of an hexagonal prism 
and cylinder ; as seen in Figs. 8 and 9, PI. I.*^, the shading 
on these surfaces is made u]) of llat and graduated tints. 
Wlicn shading the cylinder make tin- darkest line first, and 
shade bt)th ways from it ; the shade on the left-hand side 
should be made from left to right. 

Figs. 10 and 11, PI. 1.* give practice with the compasses 
in producing graduated tints. In the first (lig. 10), each 
circle is to he completed with a uniform line, the shade being 
lightest towards the ce ntre ; in the second (fig. 11), each circle 
is madt with ta])ering lines. 

It reepdres some practice to make a ta])cring line with the 
compasses; when the circle is to be complete, set the pen to 
the size of the finest part and describe the circle; then 
BCjiarate the points of the pen a little, and sweep over the 
heaviest j)nrt of tlie circle; if the pen is brought in contact 
with the paper, and also taken from it while it is being turned, 
and the ])re&sure u]K)n the ])aper is varied, making it greatest 
at the darkest part of the circh\ a very j_ .)/.d ta[)er can ho 
given to the line. It would be well to protect the centre in 
making these figures. 

The rules for locating the dark and light parts <»n the solids 
just mentioned, are given in the chajiter shading ; they 
are introducec here merely for practice, and the examples 
given will be sufficient guides. 

I7idia Ink Shading, 

3 Flat tints. Tinting with India ink is a quicker and 
easier method of shading tlian by the use of lines. 

For tinting one needs to have at hand a tumbler of clean 
water and two or three brushes of different sizes ; those with 
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large bodies and fine points are best, as they will hold consid- 
erable tint. To 2')reparc the tint, rub tlie cake of ink upon 
the tile and then take from that with a brush, and mix with 
the water in the tumbler, until the desired shade is obtained 
Care should be taken that the brush and tumbler are perfectly 
clean, and it is well to keep the tumbler eovei’cd after the tint 
is pre])a]‘ed. Do not make the tint as dark as you wibh it 
upon tlie drawing, when finished ; it is miudi easier to lay a 
light tint smoothly, than a dark one, so that it is better to get 
the depth of shade retpiired by successive washes ; let each 
wash dry before laying another. 

As a rule, it is better to go over the surface to be tinted 
first with clean water, as the fii’st wash will lay smoother ; and 
if the first wash is s])otted, it will sliow through all the rest ; 
this damping is es])ecially necessary if tluj tint used is dark, 
or the surface large; when the surifu^e is small, and some 
skill has been accpiired, the damping may be omitted. 

Do not use India rubber u])on the surface to be tinted, as 
it is dillicult to lay a smooth tint afterwards; avoid also j’cst- 
ing tlie hands mion the surface, as any moisture fj‘om them 
will aflect the flow of the tint. 

For practice try laying fiat tints ujioii rectangles of differ- 
ent sizes, commencing with small ones. AVlien doing this, 
commciK'e at the top and work down, keejiing the advancing 
edge nearly horizontal and alwa\s wet; let the board be in- 
clined a little, so that the tint will follow the brush ; ii])on 
reaching the bottom of the rectangle, if there is any surplua 
tint u])on the paper, it should be removed with the brush, 
liaving lirst wi[)cd it dry. 

Try next some surface where it is neiicssary to watch two 
or more edges, to see that they do not get dry ; the Bjiace be- 
tween two concentric circles will do, or trace the outlines of 
the irregular curve upon paper, and cither tint the curve or 
else tint around the curve, leaving that white. Let tlu; outlines 
of surfaces to be tinted be fine hard pencil lines; with care 
in laying the tints, they make the best finish for the edge, but 
where the edge has become uneven, a fine light line of ink 
will improve it. 

4. Graduated tinU. Ilaviiig acquired some skill in laying 
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flat tints, try next a graduated tint. There are several methods 
of doing this, one of wliich is by 

Flat tints. Wlien it is desired to tint a rectangle so that 
it shall be darkest at the top, and shade off lighter towards 
the bottojn, divide the sides into any number of equal parts 
with pc'iicil marks (PI. T.* Fig. 12.); commencing at tlie top, 
lay a flat tint upon the first space ; when tliis is dry, commence 
at the top and lay a Hat tint tixer the first two spaces. Pro- 
ceed in this way, commencing at the top each time, until the 
whole rectangle is c.ovt'red; by makii g the divisions of the 
rectangle quite small, the effect i'-’ more pleasing. See that 
the lower edges of the flat tints are as stniight as })ossil)le, for 
the\ sliow through the succccaling tints, and distract much from 
the ap})earance when irregular ; it not wellt(» make thedivi 
siou marks across tlie surface, as they Avouhl be likely toslu)W. 

Thei'c must be suflicient time betweim the tints to allow 
the to]) s])ace to dry, else some of its tint will be washed to 
the spaces below, and when completed, the* iippei’ spac(‘s of 
tlie riH'taiigle will ha\c the same tint. 

It is belter to f(>llow the order given, in.^bnid of going over 
tlu* wlioic surface for the first tint, and reducing tlie surface, 
by one sj)ac(“, for eacii succeeding tint; by the first mt'thod 
the tMlgch are covered by the over-laying t inis, and a softer 
a]>]>(airaic*(‘ is given than would he obtained by the second 
method Figs, 11,12, PI. I.**, give exjuiqiles of shading with 
fiat tints. 

h, Sffffrned tints. Tiiis gives a much sm mother a})pcaraijce 
than th(^ last iiicthod. Divide 'he loctaiigle as b(‘fore, and 
tint the first s])uce; but instead of le/mg the edge dry, as a 
line, wash it out witli’cleau water; wash out the edge of each 
tint in the same way; and when finished, tiicrc will not be 
any abru|)t clianges from one tint to another, as in tlie last 
method. 

f. shading. First tint tlie rectangle b\ tlie method 
of flat tints; then kcejuiig the lu-ush ]u*ettv dry, so that the 
strokes disa])pear about as fast as made, use it as you would 
a pencil, and shade between the edges until they disapjicar; 
keep the point of the linisli pretty fine, and make the strokei 
short and pai'allel to the edges. 
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Tliis takes considerable time, but gives a very good result ; 
not as smooth as by softened tints, but full as pleasant to the 
eye. 

When the surface to be shaded is quite small, the flat tints 
might be omitted, and the tint apjdicd with short strokes of 
the brush, wherever needed. 

For practice, try tlie different methods upon rectangles 
about 2 by 4 inches. Let tlie shade be darkest at the top, or 
bottom ; let the shade be darkest along the right or left hand 
edges ; let it be darkest thi’ough the centre, either horizontal- 
ly or vertically ; in the last case the centre space is the first 
one tinted, and the second wash covers the centi-e and two 
adjacent spaces. 

7. Colors, The directions previously given will apj^ly to 
the use of colors in forming flat or graduated tints ; another 
method may be used for graduated tints, and that is to shade 
the surface first with India ink, and then cover it with a flat 
tint of the color. 
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CHAPTEIl V. 

CONVENTIONAL MODES OF REPRESENTING DIFFERENT MATERIALS. 

1. In inccliaiiical drawing different materials may be repre- 
Beiited by a])])r()priate conventional c^'loring, which is usually 
done in iinished drawings; or el^e by simply di-awing the 
outlines of tlie parts in j)rojcction, and drawing lines across 
them accoj'ding to some rule agreed iijion, to rc})rcscnt stone, 
w(x>d, iron, etc. Although there is no uniformity in the use 
of conventional tints, the following will be found convenient 
for this purjKKse : 


Cast iron. 

Payne’s grey. 

Wrought iron. 

Prussian blue. 

Steel, 

Prussian nine and carmine. 

Pj*asB, 

Gamboge. 

Copper, 

Gamboge and carmine. 

Stone, 

Se}>ia and yellow ochre. 

Prick, 

Tdght red. 

Wood, 

Burnt Sienna. 

Earth, 

Burnt Umber. 


For stone a light tint of India ink might be Jised instead of 
the colors given above; if a In^^le narmiiie be added to the 
light red, when used to represent brick, it ^\ill make a 
brighter color; raw sienna might be used instead of burnt 
sienna for wood. 

2. Wood. When the drawing is on a small scale, the out- 
lines only of a beam of timber are drawn in projection, when 
the sides are the parts projected, Pk VIT. Fig. 88 ; when the 
end is the part projected, the two diagonals of the figure are 
drawn on the projection. 

If a longitudinal section of the beam is to be shown, PL 
VIL Fig. 89, fine parallel lines are drawn lengthwise. In i 
cross section, tine narallel lines diagonally. 
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Where the scale is suflScIeiitly large to admit of some 
resemblance to the actual appearance of the object being 
attempted, lines may be drawn on the projection of the side 
of the beam, PL VII. Fig. 90, to represent the appearaiK^c of 
the fibres of tiic wood ; and the same on the ends. 

In longitudinal sections the appearance of tlio fibi-es ina}f 
be expressed, PL VII. Fig. 91, with fine ])ai‘nnel lines di'awn 
over theiii lengthwise. In cross sections the grain may be 
shown, as in the })rojection of tlie ends, witli fine })arallel lines 
diagonally. 

Figs. 13, 14, 15, PL I.*, give additional examples of the 
metliod of re})resenting w<K)d in line drawings. Pefore at* 
tein})tiiig to represent graining, it would be well to examine 
the graining of w’ood in the material itself, and to have a 
piece at hand to imitate; in tlie floor of the drawing-room 
may often be found good examples. 

In beginning to grain a tind)er, make the knots first, and 
then fill in the remaining space with lines, arranging so as to 
enclose the knots ; until some practice has been ac(piired, it 
would be well to ])encil the graining before inking. The size 
of the knots should have some referenc.e to the size of the tim- 
ber ; let the gi'aining lines be made with a line steel pen, using 
light ink ; where the wood is to be colored, apply the tint be- 
fore gi’aining. 

When the timber is large, use a lirush to make the grain- 
ing; if it is to be colored, use a dark tint of liurnt sienna for 
the lines, and wash over with a lighter tint of the sanui ; when 
using the brush for graining, make the points of tlie knots 
widest, as in Fig. 15, PL I.*; it would add also to the looks 
of graining made with a pen to widen the ends of the knots 
with the brush. 

Fig. 14, PL 1.*, differs from Fig, 13 only in having a series 
of short marks introduced in the graining; if desired to dis- 
tinguish between soft and hard wood, let Fig. 13 represent 
soft, and Fig. 14 hard wood. 

In Fig. 15, PL I.*, the graining is made up of a series oi 
short hatches ; when done nicely, this gives a * cry giKid effect. 
This style may also be used to represent hard wood. 

The cross sections, Figs. 13, 14, 15, PL I.*, are shown by a 
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series of concentric circles, with a few lines radiating from 
the centre, representing cracks ; use the bow coin])a8sc8 to 
describe the circles, from a centre either within or witliout 
the section. When the section is narrow, as at Fig. 13, 
PI. 1.*, parallel straight lines are sufficient. 

To represent the end of the timber as broken, let tlie line 
be made up of a scries of sharp points. AFhere a number of 
adjoining planks arc rei)i-e»cntcd as broken along nearly the 
same line, let the end of each be distinct, as in Fig. 1, PI. !.• 

3. J^Iaaonry. In drawings on a small scale, the outlines of 
the principal parts arc alone pm down on the projections ; 
and on the ]mrt8 cut, line pnrallei wavy lines, drawn cither 
vertically or horizontally across, are put in. 

In drawings to a scale sufficiently large to exhibit the de 
tails of the jiarts, lines may be drawn on the elevations, FI. 
VII. Fig. 02, to vshow (‘ither the general character of the com- 
bination of the })arts, or else the outline of each jiart in de- 
tail, as the case ma\ require. In like maimer iu section, the 
outline of cneli part, PI. VII. Fig. 03. in detail, or else lines 
showing the general arrangement, may he drawn, and over 
these line jiarallel lines. 

Figs. 16-23, PI. l.*,give additional examples of stone work. 
In Figs. 16, 17 there is a ledge cut around eacF stone, and 
sunk below the face. The face may be drc'ssed with a })i(tk, 
Fig. 17, or it might be left rough, and represeiit(‘d as in Mgs. 
21-23, PI. L*. Fig. 16 would bo the inetln i of rep ri ‘renting 
such stone work iu a line drawiu<r; ibe lower and light-liand 
lines of tlie inner rectangle should Ik heavy. 

Fig. 18, FI. 1.*, represents the surface oi 11h‘ stone as 
tinished ; where a number of stoiuis come {ogc'.slior, leave a 
narrow line of light at the top and left hand edges of each. 

Ill Figs 19, 20, FI. 1.*, the edges of the stones arc bevelled, 
and the surfaces finished. Fig. 19 is the uh'IIkmI of reju'c- 
seiitiiig ill a line drawing. For a finiffied shaded drawing, 
Fig. 20 would do, shaded with the stone tint alone, or with 
India ink hrst, and then a flat stone tint ; fne de[)th of shade 
upon each face of the stone is shown in the example 
given. 

Figs. 21-23, PI. I.*, give different methods of represeiitiu- 
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Stone where the joints only are dressed, and the faces left 
rough. 

4. Metals. The conventional colors for the different metals 
have already been given. 

To represent metal as broken, the line should be somewhat 
irregular, but not as much so as for the breaking of wood ; 
Fig. 1'. PL I.* gi\e6 examples of the customary method of 
sliowing the broken ends of rods, bars, etc. ; the parallel lines 
may be either black or the conventional color. 

5. Earth. In vertical sections extending below the level of 
the ground it injiy be necessary to show tlie section of the 
earth, etc., around the foundations. If the soil is common 
earth this may be done, as shown in PL VIII. Fig. 04. If 
sand, as in PL YIII. Fig. 05. If stony, as in PL V^III. Fig. 
96. If solid rock, as in PL VIII. Fig. 07. Where the earth 
is embanked its section may be shown, as in PL VIII. Fig. 08. 

If it is desired to color the sections of earth, let a flat tint 
of burnt umber be laid fii*st, the lower edge being washed 
out, then when dry the lines may be drawn over it with a 
pen ; or, after laying the tiat tint of burnt umber, with the 
brush, make a series of short horizontal strokes over the wash 
already laid, varying the shade of the tint for the strokes, 
some being quite dark. 

6. Water. This is represented as in Fig. 24. PL I.* by 
horizontal lines ; for colored drawings make the lines blue. 

Fig. 24. PL I.* represents a section of a canal ; for practice 
let this be drawn and finished in colors. 
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CEAPTER Vh 

CONSTRUCTION OF REGULAR FIGURES. 

1. Tlie following figures are valua'ole as exercises in con* 
Btructioii. Simple as they may s(H'm, one trial will convince 
that care is neee.-sary in ever\ sup to secure a good result; 
let the construction lines he line and light aui! (he intersec.’ 
tions good. These figures aliurd further [>i ad ice lortinling 
both with line.> and (tolors ; use (lilhu’dit sha< h's of the same 
color, 01 ’ different colors, laying the lightest fii'st. Theariange- 
inent indicated upon the figures may he lollowetl, or cliaiiged 
to suit the taste. 

2. To trj)resi;ni a pavetnent tuade tij) of (PL l.'^'"^ 

Fig. 1.) Divide the lower side into any nuniher of espial 
parts, and through the p(»ints of division »lraw lintis 4.> ' hoih 
ways; if through the points where these diagonals nu'ct the 
sides, diagonal lines he drawn, they will (* 01111)1010 tin* lignri*. 

3. To rtj)/'escoit <i jxiixonr/U of e<ifnlaici'ol troiofa^. (i*l. 

Fig. 2.) Divide the lower side into an\ numher of equal 

parts, and through these points draw hiu > ’ItP each way ; 
through the }K)int8 in which these interbccl, Giaw horizontal 
lines. 

4. To represent a 'pavement of hexoijons. (PI. l."^^ L ig. 3.) 
Eaving given the side of the hexagon, lay it oft any numher 
of times upon the side, and draw lines through these 
points; the method of completing the figure will then he 
a])parent ; gc is equal to half the side of the hexagon. 

5. To represent a porenient noule up of orUnjons and 
squares, (PI. 1.** Fig. 4.) Divide the surface first into 
BCpiares ; then construct an octagon in one of tlmso ; if it is 
desired to have a regular octagon, it may he deme hy taking 
half of the diag(mal of the square as a radius and dc^scrihing 
arcs from each corner of the square as a centre, until they in* 
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tcreect the sides ; this is indicated in one of the squares of the 
figure. After constructing one octagon, the others may be 
obtained from it by projecting, as shown by the dotted lines. 

6. To represent a pfwetnent made up of isosceles triangles, 
(PI. 1.** Fig. 5.) Divide the lower side into any number of 
equal parts, and through the points of divisi(»n draw vertical 
lines ; through every other point of division draw lines at 30® 
and 60° ; draw horizontal lines through the points in which 
the lines at 60° intersect. If the lines at 60° are left out, the 
surface will be covered with rhombuses. 

7. In Fig. 6, PI. I.**, the surface is covered with intersect- 
ing and tangent circles. First divide into squares, as shown 
by the dotted lines; then describe the large circles, and next 
the small ones tangent. 

8. Figs. 7*“10. PI. I.**, are examples of architectural orna- 
ment. The method of constructing will be evident from the 
figures. In Fig. 7, for a change, the dark part might he left 
white and the rest shaded. 
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CHAPTER VIL 

pROJEcrrioNs. 

By the methods given in the prereding problems, we are 
enabled to construct most of tlie geometrical figures that can 
be traced, or drawn on a pfiane surlaee, aeconling to geonu'tri- 
eal p)rinciples, and with the ordiiiar\ mathematical instru- 
ments; and if, in a practical poim of view, oiir object was 
simply to obtain the shape and dnncnsiinih of such forms as 
could be cut from a sheet ot }>aper, a thin board, oi a block 
of wood of iinilorin thiedvuess, these [>rob!cms would be sutli- 
cient for the purpose; for it would bi* only necessary to cou- 
Btrue.t the ]’e(piired figure on one side, oi* end of the board, or 
blo(d<, and then cut away tlie other pait^ exUu-ior to the out- 
line of the figure. Here then we have an example, in whicli 
the form and dimensions of one side, o.'- end of a body, being 
gi\en, the body itself can be shaped by means of this one 
view; and this is a])})licable to all eases wliere the thickn(‘>s 
of the Ix'dx U the same throughout, and where the o[*po^*ile 
Bides, or ends, ai'C figures precisely alike in sha])C and diimm- 
fiions. This method is applicable to a immenMis class of bodies 
to be met with in the industrial arts; ]>a: ieular cases will 
readily occur to any one. Among tlie iiioht simi)le^ the com- 
mon brick may he taken as an exami, ** ; the thickness in this 
ease is uniform, and the opf>osite sid(*s are (*qual rectangles ; 
hence taking a board of tbesame thickness as the brick, mark- 
ing out on its surface the rectangle of the side, and then cutting 
away the portion of the ])oard exterior to this outline, a solid 
will be obtained of the same form and dimensions as the brick. 

Put it is evident that a drawing of the rectangle that repne 
gents the side would not be sufficient todeteimiiie the form 
of the entire brick, if we did not know i^s thickness. In order 
that the drawing shall represent the forms and dimen^ious of 
all the faces of the brick, it is (»bvi()us that some means must 
be resorted to by which tlioe ]>arts eau also be represented. 
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Tlie necessity for this will be still more apparent when wr) 
desire to represent the forms and dimensions of bodies, wliicL, 
although of uniform thic*kness, have their <.)})posite faces of 
d liferent forms and dimensions; and more especially in the 
more complicated cases, where the surface of the body is 
formed of figures differing both in forms and dimensions 
from each other. The means by which we effect this is 
teiuned the method of jy/'oject Ions. By it we are enabled to 
re])i‘esent the forms and dimensions of all the j)arts of a body, 
however complicated, provided they can be constructed by 
geometrical principles. 

P rincijdes. 

If through a given point, A (Fig. 19), in space a line be 
drawn jierpendicular to any plane, M N'., the poijit a in which 



the line pierces the plane is called the projection of the }u)ir'l 
A upon that plane. 

projections of any two of i\s pofuts; for exampAc, given 



line A (Fig. 20), in Bi)ace, a is the ])rojection of A^ and C»(jf 
joining ah we have the projection of A B. 

If the given line be curved instead of straight, we have to 
find the projections of more of its points and join them ; the 
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more points found the more accurate the projection. Fig, 31 
illustrates this, where a A, the projection of -d. iTj is found by 
joining the projections of its different points. 



A solid being given to find its projection, it will be ob- 
tained by joining the ])rojecti(Uis of its bounding edges. 

It is evident in these examples given, that it is impossible 
to delei’inine from the })rojcctions alone, the distance of the 
points in 8pa(‘,e from the plane ; in other words, the position 
of the points in space is not fixed. 

Having seen that one projection is not sufficient to locate a 
point in space, and as there can be only one projection of a 
point on any plane, suppose we take two })lancs at right angles 
o each other, and find the projections of a point upon each 
f these. 



Fig. 22 shows pictorially the two planes O N and P at 
right angles ; A is a point in space, a and o' are its projec- 
tions on either plane ; the distance of A from the plane G AT 
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or A dy is equal tc the distance a'hy and the distance of A from 
the plane G P, or A a\ is equal to a h. If at the points a and 
a' perpcndieulars should be erected to each plane, we see that 
these must intersect at tlie point A in space ; and as these 
perpendiculars can intersect in only one point, it follows that 
there is only one point in space that can be projected in a 
and a'. 

Thus we see, if the projeciiom of a point are found upon 
two planes at right angles^ its poshlon in space is fixed ^ and 
can be determined from the projections. 

If the projections of two or more points are found u})on 
these same planes, we should not only be able to determine 
their positions respecting the planes, but also their relative 
position ; hence, it follows, if a solid be projected upon these 
two planes, we can determine its dimensions from the projec- 
tions. 

We have found, then, that two planes, at right angles, are 
necessary in projections; these arc called, respectively, the 
horizontal and vertical })lanes of ])rojection. 

The line of intersection, G L (Fig. is called the ground 
line. The ])oint a is called the horizontal pr(>j(i(dion of Ay 
and a' the vertical projection. The horizontal projection of 
an object is often called thejt>'Za//, and the veidical projection 
the iiecation. 

The ])erpeiidiciilars through A arc calle<l the [)rojecting 
lines; the plane of the two is pcipendicular to both })lunes of 
projection, and also the ground line, aiul intei’^ects both planes 
in right lines, perpendicular to tlic ground line at tlu^ same 
}X)int. 

Since it is impracticable to draw upon two jdancs at right 
angles, the vertical jdane is considered as revolved back, about 
the ground line, until it forms one and the same surface witlj 
tlie liorizontal plane. Jly this revolution the relative i)osition 
of points in the vertical plane is not affected; every pf)int 
remains at the same distance from the ground line after revo- 
lution as before. This is shown in Fig. 22, whore the vei lical 
plane G P is re])resented as revolved hack to the horizontal 
position G P y <i r.evolves to ; a" h is equal toa'^; the 
line joining a a' is perpendicular to G L 
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hermrh Tlie preceding figures are pictorial representa- 
tions; in tlie remaining figures a horizontal line is used to 
separate the ]>1ancs of ])rojcction, the part above the lino be- 
ing the vertical plane, and the j)art below the horizontal. 

It is important, then, to note, that the perjn^'iidloul^r 
distance from the horizontal projection of a point to the 
ground line shoios how far the j>oint itself w from^ the vertir 
cal plxine of proj ect i on . 

thatj in lilce manner, the perpendicular distance from 
its vertical 'ju'ojection to the ground line shows its height 
above the horizontal glane. 

Zd, that the horizontal and vertical projections of a point 
lie on the rigid line drawn from, one to the other, andper- 
pendicular to (he ground, line. 

Hh, that the distance, measured horizontallg^ between, two 
points, is that In (ween their horizontal projections. 

5/7/, that their distanc> apart verticalhj^ or the height the one 
is (dmre the otJo r, is measured by the difference between the 
resgtecfire distancts <f their rertical pnjections from, the 
griomd lim. 

(J///, that the actual distance between tu'o jufints, or tin length 
of a right Vote connecting them, is €(juat to the hypothenuse 
of a right angled, triangle, the base (f uldch is equal to the 
distance between the hori'.otttid projections of the qmints, and 
the altitude is the difference between the distances of their 
vertical ])r(jecli on s f'om. the ground line. 

For example (PI. Y. Fig. 7'2), the line (i L is the ground 
line. The point a being the horizonta', and the point a! the 
vertical pi*ojeetion of a ])oint, these two p(aiits lie on the right 
line axa joining them, and perpend ien I a.r to G 1j. Tiie ])oiiit 
itself is at a distance in front of the vertical ])lano imaisiired 
hv the line ax * and at a height from the horizontal plane 
measured by xa' . 

In like maimer bb\ and ec', are the projections of two 
points, the horizontal distance between which is T-e, the dis- 
tance ajiart of their horizontal ])rojections ; and the vertical 
distance is dy, equal to the difference between cx! and l>x, 
their respective heights from the horizontal plane. The actual 
distance between these points, or the length of the line drawn 
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from one to the other, may be found by constructing a right 
angled triangle, mo n; the base of which, o being equal to 
hCf and its altitude, 074 , equal to c'y, its liyi)otlienuse, mn, will 
be the distance required. 

In making the j)r(>jectionB of an object, when it is desirable 
to designate the projections that correspond to the same point, 
they are joined by a light broken line ; and if the projections 
are those of an isolated point, either the pj’ojections are made 
with a large round dot, or by a small dot surrounded by a 
small circle. Wlien the projections of two points are those of 
the extremities of a right line, a full line is drawn on each 
plane of projection between the points, be and b'c' ; and a 
broken line is drawn between the projections of the corre- 
sponding extremities. 


Notation. 

Small letters are used to designate the projections of a 
point, the same letter being used for both ])rojcctions ; to dis- 
tinguish between them, the vertical is accented. The j^oint a a\ 
is also spoken of as the point A. 

Lines are similarly treated, Jis the line ah — a'h\ or the line 

AB. 

The letters II and V are used to designate the planes of 
projection. 

0 L stands for the ground line. 

SJkuIc lines. 

Shade lines uj)on outline drawings add very much to their 
appearance; when ])roperly placed, they give relief to the 
drawing, and are of assistance in reading it. 

In mechanical drawing the light is generally assumed to 
come in such a direction that its ])rojection8 shall make angles 
of 45° with the ground line; the arrows in Figs. 23 and 24 
indicate the direction of light. 

Those edges sho^M he heavy which separate light from 
dark surfaces. 

In the case of the cube (Fig. 23), we see that the top, front, 
and left-hand faces must be in the light, while the remaining 
faces would be in the shade. In the elevation the only visible 
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edges separating light from dark faces are those upon the 
right and lower sides {afl/ and 6V), while in the plan the 
shaded edges are upon the right and upper sides (a/and/'e). 



Pi*. 23. 




Fia. 24. 


In case of a curved surface like the cylinder (Fig. 24), the 
line a'h' does not separate the light from the dark surface, 
yet it is well to make it a trifle darker than the left-hand edge, 
but not as dark as the bottom line In the plan the circle 
is made darkest upon the upper and right-hand side, tapering 
to the points of tangeiicy of rays of liglit. 

Shade lines of sections follow the above rules, as shown in 
Fig. 83. FI. VL 

Draw the shade lines with their breadth outside the outline. 

In colored drawings draw the shade lines last. 

In shaded drawings omit the shade -hies altogether. 

Projilefi and Seciiom. The projections of an object give 
only the forms and dimensions of its exterioi, and the })Osi- 
tions of points, <%c., on its surface. To show the thickness of 
its solid parts, and the form and dimensions of its interior, 
intcrsccting-planes are used. Taking a house as a model, 
let us conceive it to be cut, or sawed through, at some 
point between its two ends, in the direction of a vertical 
plane parallel to the ends. Setting aside one portion, let 
ns imagine a pane of glass placed against the sawed surface 
of the other, and let an accurate outline of the parts thus 
cut through be traced on the jiane. This outline is termed 
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a prqfiU, On it, to distinguish the solid j)arts ent through 
from the voids, or hollow ])arts, we cover them entirely 
with ink, or some other color, or else simply draw ])ar- 
allel lines close together across tliem. If, besides tracing 
the ontllnc of the parts resting against llie pane, we were to 
trace the projections of all the parts, both within and without 
the outline of tlie })rotile, tliat could be seen through the 
pane by a ])orson standiiig in front of it, the profile with 
these additional outlines is termed A section more- 

over differs fj*om a profile in this, that it may be made in any 
direction, whereas the profile is made by cutting vertically, 
and ill objects, like a house, bounded by^lane surfaces, in a 
direction perpendicular to the surfac,e. 

To show the direction in which the section is made, it is 
usual to draw a broken and dotted line on the })lan and eleva- 
tion of the object, marking the position of the saw-(uit on the 
surface of the object; and, to indicate the position to which 
the section coj-responds, letters of reference are placed at the 
extremities of each of these lines, and the tigure of the section* 
is designated as vertical, or oMlque section on A — B, V — J), 
A:c., according as the section is in a plane perpendic.ular, or 
obli(pie to the horizontal plane of projection. 

The sections in most general use are those made by vertical 
and liorizontal ])lanes. A horizontal section is made in the 
same manner as a vertical one, by conc.eiving the object cut 
through at some point above the horizonlal plane of ])rojcc 
tion, and jiarallel to it, and, having removed the portion above 
the plane of sec^tion, by making such a re]U’i‘scntation of the 
lower portion as would be repiesented by tracing on a pane 
of glass, laid on it, the outline of the parts in contact with 
the pane, with the outline of the jirojection of the parts on the 
pane that can be seen through it, whether on the exterior, or 
interior of the object. 

The solid parts in contact with the pane are represented in 
the same way as in othiu’ sections. The ]»rojected parts are 
represeiiied only by their outlines. A broken and dotted line, 
with letters of reference at its extremities, is drawn on the 
elevation to show where the section is taketi ; and the section 
is designated by a title, as, horizontal section on A — B, 
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As the hrokeo and dotted lines that indicate the position 
of the planes of section are drawn on the planes of projection, 
and are in fact the lines in which the ])lancs of section would 
cut these two planes, they are termed the nrrtir.ifl or hori- 
zontnl tracefi of the ])lanes of section, according as the lines 
are traced on the vertical or horizontal plane of projection. 

It will be well to note particularly that the j)lanes of section 
are usually taken in front of, or above the object, that ]>orlion 
of it which is cut by the plane being supposed in contact with 
the plane; whereas the planes of projection may he placed 
either behind, or in front of the objec% and above or below it, 
as may best suit the ])ur]>ose of th(‘ draftsman ; the position 
of the groiiiid line therefore will always indicule <»n which 
side of the object, ami wlielher above, or below it, the [)lanes 
of projection are placed. The usual mellcxl is to place tlic 
horizontal plane of projec.tion below the object re])resciitcd 
and the vertical plam^ behind it. Tiie more usual metliod 
also is to represent the object as resting on the horizontal 
plane ; its position with respect to the vertical phme, oi* that 
of the vertical plane with respettt to it, being so taken as to 
give the desired elevation to suit the views of the draftsman. 
In the case of the ordinary liouse, f(»r exann)le, the elevations 
of the four sides may Ix' ohtaiiuMl either by supposing one 
vertical plane, and the lour sides Miec(‘ssively presented to it; 
or by supposing the vcu'tical plane shilt(‘d so as to he brought 
behind each of the sides in sucees^ion. 

Projections of Points ami Piijfit Lines. TIh' method of 
projections presents two ])rol)lcm:. dhe one is having given 
the forms and dimensions of an ol)je< to (ionstrncl. its pro- 
jections ; the other, having the ]>rojec.1ions of an object, to 
construct its forms and dimensions. Acoirect understanding 
of the manner of projecting points and right limis, and 
determining their relative jM'sitiont; witli respect to each 
other, is an indispensable foundation for the solution of these 
two cpicstioiis. 

The methods of projecting a single^ point, and of obtaining 
its distance from tlie planes of proje(*lion, also of two points^ 
and determining their distance apai‘t, have alivady been 
giien. The eamo process would evidently be followed Id 
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projecting any number of points; or, in determining theii 
relative positions, having their projections. But, besides 
these general methods, there are some particular cases with 
which it will be well to become familiarized at the outset, as 
a knowledge of them will materially aid in showing, by a 
glance at the projections, the relative positions of the lines 
joining the points to the planes of jn-ojection ; that is, whether 
these lines are parallel, oblique, or perpendicular to one, or 
both of these planes. 

Casie 1. (PI. V. Fig. 73.) Let aal and h}> be the })rojec- 
tions of two points, the distances of their vertical ])rojecti()n8 
fl'aj and iV from the ground line being equal, those of their 
horizontal projections ax and l)x' being unequal. The points 
themselves will be at the same height above the horizontal 
plane of projection but at unequal distances from the vertical 
plane. The vertical projection of the line joining the two 
points aV will be parallel to the ground line, and its hori- 
zontal projection ah will be oblique to it. 

From thin we observe^ that lahen Hoo poi/Us of a rigid, line 
are at the same height above the horizontalgdaiie of projection^ 
ami at unegaal distances from the vertical plane^ the vertical 
projection (f the line will be parallel to the ground Une^ a/ul 
its horizontal projection oblique to thin line. 

Finding then the two projecti(»ns of a right line in these 
positions with respect to the ground line, we conclude that 
the line itself is at the same height throughout above the 
horizontal plane of })rojection, or parallel to this plane, but 
oblique to the vertical jdane. 

Case 2. (PI. V. Fig. 74.) In like manner, when we liiid 
the horizontal ])rojections of two points a and b at the same 
distance from the ground line, and the vertical projections 
a' and b' at unequal heights from it, we conclude that the line 
joining the points is ])arallel to the vertical plane but oblique 
to the horizontal. 

Case 3. (PL V. Fig. 75.) When the horizontal ])rojection8 
of two points are at the same distance from ground line, and the 
vertical j)rojection8 also at equal distances from it, we conclude 
that the line itself is parallel to both planes of projection. 

When a line therefore is parallel to one plane of projection 
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(dom^ its jpTojection on the other will he parallel to the ground 
line^ and its projection on the plane to which it is jxirallel 
will he ohllque to the ground line. 

When the line is paraUel to hath planes its two projections 
will he parallel to the ground line. 

Case 4. (ri. Y. FUr, 70.) Suppose two points as a and h 
to lie iu the horizontal plane of projection, where are their 
vertical projections? From what has been already shown, 
these last projections must lie on the ])er])en(licnlars, from the 
horizontal projections a and h to the ground line; but as the 
points are in the horizontal plane their projections cannot lie 
above the ground line. The vertical projections of a and h 
therefore must he at a' and // (ui the ground Unc, where the 
2>erp}endicuIarsfrom a and I cut it. For a like reason the 
vertical projection (f a line as a — h in the horizontal 
will he as a' — 1/ in the ground line. 

In like inanner the horhontal 2 >rojections of points and 
lines lying in the vertical 2d>ane of 2 >rojection wdl he also in 
the ground line. 

Case 5. (PI. Y. Fig. 77.) If a li ne is vertical, orper2>e7i 
dicular to the horizontal <if 2 >t‘ojection.^ its g* ^'ejection 

on that gdane will be a p(fint simpdy, as a. For, the line be- 
ing vertical, if a plumb line were ap]>IieL) along it the two 
lines would coincide, and the point <)f the ht>b of the plumb 
line would indicate only one ])oint as the [)rojection of the 
entire line. Fow as a is the horizontal 2 >' niect ton of all the 
jH/ints of the line, their vertical projections must lie in the 
line from a g^eipendicular to tin gi\ and line, so that the ver- 
tical 2 rt'ojecti(rns of any two pa* ints of the vertical line at the 
given heights l/x^ and ax above the horizontal plane of pwo- 
jection, would he projected on the pnopendicukir from a to 
the ground line, and at the given distances h'x and a'x above 
the ground line. 

In like manner it can be shown, that a line ])erpendicular 
to the vertical plane is ju-ojected into a j)oint, as a' , and its 
horizontal projection will lie on the ])erpendicular to the 
ground line from a\ as a — h, in wdiich the distances of the 
points a and h from the ground line show the distances of the 
ends of the line from the vertical plane. 
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The above comprise all of the cases, but one, of the projeo* 
tions of points and right lines; and the}’ give the means of 
fixing the 2 K)sitions of tliese elements from their pri>jeetions ; ox 
of making their projections when their positions -are known. 

Prol, 71. (PI, yi. Fig. 79.) To couHtrnct the projediom 
of a regulir right 2 >ytwttlf with Uh bane resting on the hori 
zoiital of gjrojedh oi. 

1st. Having drawn the ground line 0 — />, construct, at any 
convenient distance from it. the regular })olygon, in this (*,ase 
the pentagon ahede^ which is the base of the given pyramid ; 
and the point o the centre of the polygon. As the vertex of 
a regular right pyramid is on the perpendie.ular to its base 
drawn from the centre of the base, the point o will be the 
horizontal [)rojectioTi of the vertex. 

2d. Having drawn a perpendicular from e to the ground 
line, set off upon it the distainte xo\ the height of the vertex 
above the base; the point o' will be the vertical ]>rojection ( f 
the vertex. 

3d. Project the points of the bjise abcy &<*.., upon the verti- 
cal plane, at aV/c', &c., since these points are on the horizon- 
tal ])lane of projection; the line a' —c' will be the vertical 
projection of the base. 

4:th. Join the points a'b'o', &c., with the point o' • the lines 
o' — a'f o' — b\ &c., BO obtained, will be the vertical ])rojectionB 
of the edges of the pyramid. 

5tii. Join the points a, />, c, ifec., with o. These lines are the 
horizontal projections of the same edges. 

Remark, in drawing in ink the outline of a solid, it is 
usual to repi’csent by d, oiled lines the outlines of tliose parts 
which could not be seen b\ a spectator so placed as to bring 
the object diicctly between liim and the plane of projection, 
when })la('e<l far from the object. Suppose for example the 
spectator placed at some distant point, /S', from the pyramid, 
and on the line drawn from o perpendicular to G L. In this 
distant position, the lines drawn from /S' through the various 
points of the object, as o, &c., may all be regarded as 
parallel tn So ; and in this position therefore tlie s})ectatoi 
would only see the edges of the pyramid drawn from tiie ver- 
tex to the points a, b^ and c of the base, the other edges would 
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be hidden. Tlie vertical projections o'p\ </(V of flic last vill 
be drawn with dotted lines, and the others in full lines. 

In like manner, supposing the spectator placed at a groat 
height above the horizontal }>lane, and in the direction of the 
line drawn through the vertex and centre of the base of the 
pyramid, he would see in this position all the edges of the 
pyramid, their horizontal projections oa^ oh^ &e., ai’c therefore 
drawn in full lines. 

Prob. 72. (PI. VI. Fig. 79.) Having the ^^rojeciionn of a 
Tegxdar nglit j)])vaitivl ^ as In ihe hist cast\ to consimei the 
lengths of its edges and the dunen.'^lons of Its faces. 

The horizontal jirojection of the edge drawn from a to the 
vertex is an, and its vertical prelection ah>\ The Uujgth of 
this edge therefore will he found l)\ constructing tlu* h\p>- 
thenuse of a right angled triangle, of which aa is tin* base, 
and xo\ the vertical distance bciween the top and bottom 
points of the edge, is the perpendicular. In like maiinci the 
lengths of the other edges can be found. 

To construct the face bounded l)y the two edges di’awb 
^rom the vertex o to the points a ami A, and the edge ab of 
the base; we must construct a triangle of which the line a — b 
Is the base, and the two edges just found arc the other two 
Bides; this triangle will he the required face, and as tlie pyra- 
mid is regular all the other faces will he equal to this. 

Pemarli. It is evident that having found the faces and 
having the base, a model of the ]>yrainid naespoudiug to the 
size of the drawing could be cut from stifl j)aper, or paste- 
board, and ])ut together. 

Proh. 73. (PI. VI. Fig. 80.) To (anstruct fbe j^eojeefions 
of an obllqae pi/rtnuld ^mJfh an irrrgnJar I rsr. 

Let the bas(‘ of the ])\rami<l he any irregular quadrilateral, 
ab<‘d, for cxam])le, resting on the horizontal jdano of projec- 
tion. 

1st. Having drawn the ground line, c(>n^truet the base at 
any convenient distam*e from it, and set off the position, e, of 
the horizontal projection of the vertex, which is also snjiposed 
to he given with r(‘spect to the points of the base. 

2d. Ckuistnmt tla^ vortical projections db'cd' of the point! 
of the base, and o' of the vertex. 
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3d. Draw lines from o' to the points a!Vc*d!, 

Remarks, The line o'd! in vertical projection, and the 
line 00 , according to wliat has been laid down, should be 
dotted. 

Having the projections of a like pyramid we would pro- 
ceed, as in the last case, to construct its edges and faces if re» 
quired for a model. 

Pro}), 74. (PI. VI. Fig. 81.) To construct the projections 
of a right prism with a regular hexagonal hase. 

Let the base of the prism be supposed to rest on the hori- 
zontal plane of projection. 

1st. Construct at a coiiveiiieut distance from the ground 
line the regular hexagon ahe^ tfec., of the base ; taking two of 
its opposite sides, as h — c, and parallel to this line. 

2d. Construct the })rojections It I'm', etc., of the points 
abc^ ifec. 

3d. As the edges of the prism arc vertical, theii' vertical 
projections will be drawn through the points hH\ etc., and 
perpendicular to the ground line. 

4th. Having drawn these lines, set off the equal distances 
V — a\ I ' — //, <fec., upon them, and each e(pial to the height 
of the ])rism. 

Remarks. As the edges projected in h and e, and and 6, 
are projected in the vertical lines i — U and m' — o' tlie back 
edges cannot be repi'esented by dotted lines. 

As the top of the prism is parallel to its base it is projected 
vertically in the line d — d equal and parallel to h! — n\ the 
projection of the base. 

All the faces of the prism are equal rectangles, and each 
equal to h'c'm'V the projection of the face parallel to the ver- 
tical plane. 

It has been shown, in the projections of right lines, that 
when a line is parallel to one plane of projection, its projec- 
tion on that plane is equal to the length of the line, and that 
its projection on the other plane is parallel to the ground 
line. In this case we see that the top of the prism, which is 
a hexagon parallel to the horizontal plane, is projected on 
that plane into the equal hexagon abc^ &c., and on the verti- 
cal plane into a line a' — d parallel to the ground line. In 
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like manner we see that the face of which h — c is the horizon- 
tal projection and Vc^mlV the vertical, is projected on the 
horizontal plane in a line parallel to the around lino, and on 
the vertical plane in a rectangle equal to itself. From this 
we conclude^ that when a jplaiie figure in lywralUl to one jiUint 
of projection it will he projected on that plane in a figure 
equal to itself and on the other plane into a line parallel to 
the ground line. Moreover since the faces of the prisni are 
plane surfaces perpendicular to the horizontal plane, and are 
projected respectively into the lines a — />, h — e, ticc., we con- 
clude that a plane surface perpendlijular to one plane of pro- 
jection is gmjeri&i on that jdane into a right line. The 
sauic is true of the base and to]) ot the })risin ; the base being 
in the horizontal j)laiie, which is ]>erj)eiidicular to the vertical 
plane, is projected into the ground line in h' — nf the top 
being ))arallel to tlie horizontal jhane is likewise perpendicu- 
lar to the vei'tical ])lane, and is })rojected into tiie lino 
a'—//'. 

Traces of Planes on the Planes of Projection. Tlie plane 
surfaces of the prisni and pyramids in the preceding prohlenis 
being (d limited extent, we have only liad to consider the 
lines in wliich tliey cut the horizontal ])lane of ])rojection, as 
a — /v, l> — c, vice., the bounding lines of the bases of these solids 
Thesi* lines are therefore })roperly the traces of these limited 
plane surfaces on the horizontal plane. Uiit when a ])lane is 
of indetinite extent, we may have to co isidcr the lines iii 
which it cuts, or meets both planes of ])roj{‘crion. The most 
usual cases in which we have to O'usider these lines are in 
those of profile pianos, and planes of section, in whie-h the 
planes are perpendicular cither to the hoiizontal, or vertical 
plane, and parallel, or oblique to the other. 

The position of the trace of a plane, when ])arallel to one 
plane of ])rojcctIon and perpendicular to the other, as has 
already been shown, is a line parallel to the ground line, and 
on that plane of projection to which the plane is perpendicu- 
lar, as the lines 1) — 6*, and f—e^ for example, which are the 
traces on the horizontal ])lanc of the faces of the i)rism, vvhich 
are perpendicular to this plane, and parallel to the vertical 
plana The same may be said of the line ol — d! ^ which would 



96 


HJDUPTUIA.L DRAWING. 


be the trace of the plane of the top of the prism, if it i^ere 
produced ])ack to meet the vertical plane. 

When the plane is perpendicular to tlie horizontal plaiJt\ 
but oblique to the vertical, as for example the face of the 
prism of which (i—f^ (jr d — e is the horizontal trace, its verti- 
cal trace will be perpendicular to the ground line at the point 
where the horizontal trace meets this line. To show this, sup- 
pose the prism so placed as to have its back face against the 
vertical plane ; then the line a—f^ for exam])le, will be oblique 
to the ground line, the point /’of this line being on it, at 
the point whilst the line V — V ^ the one in which the oblique 
face meets the vertical ])lanc, or its trace on this [)lane, will 
be perpendicular to the ground line. The same illustration 
would hold true su})posing the prism laid on one of its faces 
on .the liorizontal plane, with its base against the vertical plane. 

Tf A — B (PI. VI. Fig. 82) thcr<forc th' horizon- 

tal trace of a j)eiyi ndicalar to the horizontal jdane lia 
Vt rtlcal trace will he a line B — h^draxon. f nun the point B^ 
where the horizontal trace cats the ground line ^ per pemilca- 
lar to this line. In llhe ma)inei\ 'lfB — F is the rertlcal 
trace of a plane perpendicular to the vertical phine and 
oblique to the horizontal plane., the line F~—f p>erpemiicular 
to the ground line Is its horizontal trace. 

Prob. 75. (FI. VI. Fig. 8^.; To amstruct the projections 
ami sections of a hollow cube of given dimensions. 

Let us su])pose the cube so placed that, its base resting on 
the horizontal ])lanc of ])rojecticni in front of the vertical 
plane, its front and bae.k faces shall be parallel to the vertical 
plane, and its other two ends perj)endicular to this plane. 

Having constructed a square abed (Fig. X) of the same 
dimensions as the base of the given cube, and having its sides 
ab and cd parallel to the ground line, and at any convenient 
distance fi’om it; this square may be taken as the ])rojection 
of the base of the cube. But as the top of the cube is ])aral- 
lel to the base, and its four faces ai’e also peipendicular to 
these two parts, the top will be also projected into the square 
abed^ and the four sides respectively into the sides of the 
square. The square abed will therefore be the h(U'izontal pro- 
jection 3 f all the exterior faces of the cube. 
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Having projected the base of the cube into the vertical 
plane, which projection (Fig. Y) will be a line A' — I, on the 
ground line, equal to a — ^>, construct the sq\iare alVVK equal 
to ahcd. This is the vertical projection of the cube. 

As the interior faces of the cube cannot be seen from with* 
out, the following method is adopted to represent their pro- 
jections : within the square abed construct another represented 
by the dotted lines, having its sides at the same distance from 
the exterior square as the thiclvness of the sides of the hollow 
cube. This square will be the projection of the interior faces ; 
and it is drawn with dotted lines, to show that these faces are 
not seen from without. 

Supposing the top and bottom of the cube of the same 
thickness as the sides, a like square constructed within a'b'l'li 
will be the vertical ])rojection of the two interior faces, which 
arc perpendicular to the vertical plane, and of the interior 
faces of the to}) and Ijase. 

Having com})letcd the projections of the cube, suppose it 
^is required to construct the figures of the sections cut from it 
by a horizontal jilane, of which M — is the vertical trace; 
and by a vertical })lane of whicli 0 — P is the horizontal 
trace. The liorizontal plane of section will cut from the 
exterior faces of the cube a square mojm (Fig. Z) equal to the 
(me a})cd^ and from the interior faces another squai’c equal to 
the one in dotted lines, and having its sides ])arallel to tliose 
jf miq)n. The solid portion of the four sidt^ cut by the 
plane of section would be re})resentcd by tnc shading lines, 
in Fig. Z. 

Th(‘ })lane of section of which 0 — P is the trace, being 
oblique to the sides, will cut from the oj)}.)osite exterior faces 
a — il^ and b — e, and the exterior faces of the top and base, a 
rectangUi of whicfi v — u (Figs. A", Tf) is tin; base, and t — d 
(Fig. TF) (Mjual to the height b' — r, is tlie altitude; in like 
manner it will cut from the corres]>onding interior faces a 
rectangle of which — t is the base, and •''—-s', equal to the 
heiirht of the ii\terior face, is the altit ide. The sides of the 

O 

interior rectangle nti' s will be ])arallel t<> those of the one 
exterior; the distance a})art of the vertical >ido'^ lafing equal 
to the equal distances r — -s (Fig. X ) and t — l ; and tliat oi 
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the horizontal sides being the same as the thickness of the 
top and base of the cube. In other words, as has already 
been stated, the figure of the vertical section is the same that 
would be found by tracing the outline of the part of the 
cube, cut through by the plane of section, on the vertical 
plane of projection. 

Remarl's, The manner of reprcsentijig the interior faces 
of the hollow cube by dotted lines is generally adopted for 
all like cases ; tliat is, when it is desired to represent the pi\)- 
jections of the outlines of any part of an object which lies 
between some other part projected and the plane of pro- 
jection. 

Where several points, situated on the same right line, as 
r, «, w, on the line 0 — P (Fig. X)^ are to be transfci-red to 
another right line, as in the construction t>f (Fig. IF), the 
shortest way of doing it, and, if care be taken, also the most 
accurate one, is to ])lace the straight edge of a narrow stri]) 
of ]>aper along the line, and confining it in this ])Obition to 
mark ac.curately on it near the edge the posit it )iis of the 
points. Having done this, the ]K)ints can Imj transhn’rod from 
the strip, by a like process, to any other line. The advantage 
of this method over that of transferring each distuma' by the 
dividers will be apparent in some of the succeeding 

Proh. 7fi. (PI. VI. Fig. 84.) To count rmt jtmjco- 
tions of a regtUdr Imlloio pt/mmiAl trimcuted hy a 2 >hine 
oblique to the horizontal plane and jnapendicular to the ^)er- 
Hcal plane. 

Let us suppose the base of the ])yramid a regular ])cntagon 
Having constructed this base, and the ])rojectio]is of tlie 
diffei'ent ])art8 of the entire pyramid as in Proh. 7l, di’aw a 
line, oblique to the ground line, as the v(U’tical trace 

of the assumed truncating ])lane ; the portion of the pyramid 
lying above this ])lane being snp]) 08 cd removed. 

Now, as the truncating ])lane cuts all the fa(‘eB of the 
pyramid, and as it is itself perpendicular to tlie vcrti(^al ])lane 
of projection, all the lines which it cuts from those faces will 
be projected on the vertical plane of projection in the trace 
The points t\ t\ v\ and w', where the trace 
M — N cuts the projections of the edges of the pyramid, will 



PEOJEOnONS. 


99 


bo the projections of the points in which the truncating plane 
cuts these edges ; and the line r' — ?/ for example is tlie jU’ojec- 
tion of tiic line cut from the exterior face projected in ///’'c*'. 

Tlie horizontal projections of the })oints of which /•', v\ 
etc., are the verlicail projections, will he found on the hori- 
zontal ])i‘ojecti(Uis rcy vhy etc., of tlie edges of \vhich v'c\ vl>\ 
etc., arc llie verti(tal projections, and will be obtained in the 
usual way. Joining the corresponding points v, 6‘, etc., 
thus obtained, the ligure rstut\ will be the horizontal projec- 
tion of the one cut from the exterior faces of the pyi‘amid by 
the truncating plane. 

Thus far nothing has been said of the projections and 
sections of the interior faces of the pyramid. To construct 
these let us takci the thickness of the sides of the hollow 
pyramid to be the same, in which ease the intcifor faces will 
be parallel to and all at tlie same distance from the exterior 
faces. If another jnramid tluu-efore were so formed as to lit 
exactly tlie hollow spac-e within tlic given one, its fac,es and 
edgtis woidd h(‘ ]»arailel to the eorresponding exterior faces 
and edges of the giviui hollow pyramid, and it.*' vertex would 
likewise l)(‘ on the [)erp(;ndi(udar ironi the vertex of the given 
}>yramid to its ha^e. Constructing, therefore, a })entagon, 
liinopq, haviiig Its sides parallel to, and at the same distance 
fnun tliose of ahcdcy this figure may he ah^nmed as the base 
of tlie interior ])yramid- The liori/ontal ])rojeetions of its 
edges will he the lines vnu vn, vVc. To the vertical pro- 
jections of th(‘se lines, which will he parallel to the vertical 
projections of the c.orresponding e. ^crior edges, jiroject the 
points 7 /i, itc., into the ground line, at ^ ;</, &c., and, 
from these last jioints, draw the lines viv' , n'v'y ]iarallel to 
the corresjionding ones av\ ^V, c^:c. ; the lines itiv" y &c., 
will be the required projections. 

To obtain the horizontal projection of the figure ent from 
the interior faces by the plane of section, find the points 
s, ijy Xy iSzc.y in iiorizontal projection, corrcs]K)ndiiig to the 
points z'y y\ &c., in vertical projection, where the trace 
M—JV' cuts the lines m'v", n'v", <fec. ; joining these points 
the pentagon syx, &c., will be the required horizontal project 
tion. 



100 


IKDTTSTRTAL DRAWING. 


ITaviurr constructed the projections of the portion of tlie 
pyramid below tlie truncating plane, let :i now be rcquii ed 
to obtain a section of this portion by a vertical ])laiie of 
tion through the vertex. For tins purpose, to avoid the con- 
fusion of a number of lines on the same drawinir, let us 
construct (Fig. 85) another figure of the projections of the 
outlines of the faces, tfec. Having drawn the line 0 — P for 
the trace of tlie vertical section through the projection of the 
vertex, we observe that this plane cuts the base of the hollow 
pyramid cn the left-hand side, in the line a — />, and on the 
o])posite side m the line m — 7i • setting off the distances 
(Fig. SG) (I — //, // — and 7i' — 7/i on the gnmnd line, 
respectively equal to a — />, &c., we obtain the line of section 
cut from the base. Now the plane of section cuts the exterior 
line of the lop (F'g. 85) on the left-hand side, in a point hori- 
zontally projected in c, and vertically in the height of 
which point above the base is the distance c' — c" ; in like 
manner the })lanc cuts the interior line of the top, on the same 
side, in the point pDqocted horizonlally in <1^ and vertically ' 
in iI/\ its height above the base being d' — d’\ The coi're- 

Rponding points of the top on the ojiposite siile are those ])ro- 
jected in e, o" ; and }>^ p * y their corresponding ui'tances 
above the base being respectively o' — o" ami p — -y/'. 

Having thus found the horizontal and vertical distances 
between these pointe, it is easy fo construct their positiotis in 
the plane of section. To do this, set off on the ground line 
(Fig. 86) the distances a — c', a —d\ m' — o', and 
respectively crpial to the equal conesponding distances a — •, 
<fec. (Fig. 85), Oil 0 — P. At tlie po'mts (/, d\p'^ ami o' draw 
perpendiculars to the ground lino, o?} which sig off the dis- 
tances d — c'\ Ac., respectively equal to tiiose c' — c" of Fig. 
85. Having drawn the lines <f/ — r/', d — fl'\ ami h' — d 'y the 
figure a'h'd^cf' is the section of the (cft-liand side; in like 
manner is the figure cut fn m the o[)posite face by 

the plane of section. 

As the (Fig. 8G) represents a sectijn, and n(;t a profile of 
the pyramid, we must draw upon it the lines of the portion 
of the pyranfid which lie behind the [dane; tliat, is the 
portion of which aavdio is the Imsc. It will he well tc 
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remark, in the first place, that removin<^ the portion in front 
of the plane of section, and supposing this plane transparent, 
the interior surfaces of the j)}TairjId would be soon, and the 
exterior hidden, the outlines of the former would therefore be 
drawn full on the plane of section, whilst those of the latter, 
if represented, should be in dotted lines. 

To construet tlie projections of these linos on the plane of 
section, we observe that this jdane, being a vertical plane, 
and 0 — P being its trace on the horizontal plane of pi'ojec- 
tion, this line O — P may he considered as the ground line of 
these two planes; in the same manner as G — L is the ground 
line of the horizontal ])lane and rlu oi-iginal v(‘rtical plane of 
projection. This being e,onsidered, it is }>lain that all the 
parts of the ])yramid should he ]>roje(*led on this new vertical 
plane of lu'ojedion, in the same manner as on the original 
one. Let us take, h'l- example, tin; interior edge, of which 
q — z is the horizontal })rojection. Tlu; j>oint </, heing in the 
liorizoiital ]daiie, will bo projected, in the ground line 0 — 1\ 
• into q ; and the ])oint z would he projected by a pei jXMidicu- 
lar fi’om z to O — 1\ at a height above — /k equal to the 
height of ibi vertical jwojeclion on the original vertical plane 
above the i:-r(mnd lim* G — Z, wliicli is 3 — .r'k To transh'r 
tliese distance, to tlui M'cfion (Fig. 86), take the distaiuse < 1 — y , 
on 0 — Py and set it ofl from a to q' on the section; this will 
give the [)rojecti(tn of q lui the section. Next take the 
distance a — z\ from O — /h and s^q it off fr ' i a to :: on the 
section, and at a' m-ect a ])crj)C!'diciilar to the gnuind line ; 
take from (Fig. 85) tin* <llstance a and ^'<'1 it v»ll from 
z' to z" on the section ; the point a" will i)e the ])rojecrion of 
the upper extrcTiiity t)f the interior edge in tpicstion on the 
plane of section ; joining therefore the points q' and z'\ thus 
determined, the line q — z' is rhe r(‘(piii’cd j»roj(*ctlon. Tii 
like manner, the projections of the otlun* int<?rior and exterior 
edges of the portion t)f the p\ramid hehind the plane of 
section can he determined and drawn, as shown in the section 

(Fig. 80). 

lieinarl's. The preceding prohloms contain the solutions 
of all cases of the ]>rojections and sections of bodies, the 
outlines of which are right lines, and their surfaces jdana 
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figures. As they embrace a very large class of objects iu the 
arts, it is very important that these j>robleins should be 
thoroughly understood. One of the most useful examples 
under this head is that of the plans, elevations, and sections 
of an ordinary dwelling, which we shall now proceed to give. 

Vrdb. 77. Plam, elevaiio/is, i&c., of a houso. (PI. VI 1. 
Pig. 87.) Let us 8uj)po.'i(‘ the house of two stories, with base- 
ment and garret rooms. The exterior walls of masonry, 
either of stone or brick. The interior wall, se])arating the 
hall from the rooms, of brick. The jiartilion walls of the 
parlors and basement of timber frames, tilled in with brick; 
those of the bedrooms and garret of timber frames bim])ly. 

It is necessary to observe, in th(‘ (irst jdace, that the gem 
eral plans are horiz(mtal sectiims, taken at some height, say 
one foot, above the window sills, for the ]>ur])ose of showing 
the o])enings of the windows, <fec. ; and that the sections are 
BO taken as best to show those portions not i'hown on the 
plans, as the stair-ways, roof-framing, Ac. In the second 
place, that in the. plans and set'tions are shown only the skele- 
ton, or framework of th(‘ more solid [>art,s, as the maM)nry, or 
tind)cr framing of the walls, llooring, roof, Ac. 

Phins. Having drawn a ground line, (i — Z, across the. 
sheet on which the drawings are to be made, in such a ]>osi' 
tion as to leave sutlicient space on each side of it for the plana 
and elevations respectively, comiiKmce, by drawing a line 
A — B parallel to G — Z, and at a convenient distance from it 
to leave room for the plan of the tirsi stor) towards the 
bottom of the sheet. Take the line A — A, as the interior 
face of the wall, opposite to the one of wliicdi the elevation is 
to be represented. Having setoff a distance on A — B equal 
to the width between the side walls, construct the rectangle 
ABCl)^ of which the sides A — D and B — (> shall be equal 
to the width within, between the front wall 1) — C and the 
back A — B, I'arallel to these four sides, di-aw the four sides 
a — h — c, Ac., at the distance of the thickness of the exterior 
walls from them. The figure thus constructed is the general 
outline of the ])lan of the exterior walls. 

Next proceed to draw the outline of the j^artition wall 
iP—Z’ separating the hall from the parlois. Next the walls 
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of the pantries, 0 and ZT, between the parlors. Then mark 
ont the openings of the windows and doors d\ in the 
walls. Then the projections of the fir(;-places,y", in the par- 
lors. 

Having drawn the outline of all these pai'ts with a fine ink 
line, })rocccd to fill it between the outlines of the solid ])art8 
cut through, either with small j)arallel lines, or by a uniforni 
black tint. Then draw the heavy lines on those parts from 
which a shadow would be thrown. 

As the horizontal section will cut the stairs, it is usual to 
project on tlie plan tlie outlines of the steps below the ])lano 
in full lines as in S ; and, sometimes, to show the position of 
the stairway to the story above, to project, in doited lines^ the 
steps above the jdanc. 

If the scale of the drawing is sufli(dently great to show the 
parts distinctly, the sections of the upright timbers that form 
the framing of the })artition walls of the pantries should be 
distinginsli(‘d from the solid filling of brick between them, 
by lines drawn across them in a difterent diret^tion from those 
of the bi’ick. 

The plan of the second story is drawn in the sjirne manner 
as that of the first, and is usually placed on one side of it. 

Front deration. The figure of the elevation should be so 
jdaced that its parts will correspond with those on that pail 
of the ))lan to which it belongs; that is, the outlines of its 
walls, of the doors, windows, Ac., should 1 •* on ilie ]>erp(‘n- 
diculars to the ground line, drawn from the eorresjxujding 
parts of the front wall D — C. Jn n ost cases the outlines of 
the principal lines of the cornice are ]>nt in, and iliose of tho 
caps over the windows, if of stone wiien tlu' wail is of brick, 
Ac.; also the outline of the porch and steps leading to it. 

Section, In drawings of a structure of a simple character 
like this, where the relations of the parts are easily seen, a 
single section is usually sufficient, and in such cases also it is 
usual to represent on the same figure parts (>f two different 
icctions. For example, suppose () — F to be the horizontal 
trace of the veifhval ])laue of section as far as along the 
Hall; and Q — R that of one from the point Q opposite P 
ftlong the centre line of the parlors. On the first portion wiU 
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be shown the arrangement of the staiiways; and on the 
other the interior arrangements from Q towards R. With 
regard to the position for the figure of the section, it may, in 
some cases, he di'awn hy taking a gioiind line ])arallel to the 
trace, and arranging ihe lines of the hgnre on one side of this 
grouTid line in the same relation to the side B — (\ of the 
plan, as the elevation lias with respect to the side A—Bj hut 
as this method is not always convenient, it is usual to plico 
the section as in the drawing, having the same gromnl line as 
the elevation, phuiing the parts beneath the level of the 
ground below the ground line. 

For the better understanding of the relations of the parts, 
where the sections of two parts arc shown on the same figure, 
it is well to draw a heavy nneveii lino from the top to the 
bottom of the figure, to indicate tlie separation of the ])art^, 
as in 7 — (I; the part hereon the left, of T — (T n‘])re^enting 
the ]H)i'tion helonging to the hall, that on the I’lght tlu‘ portion 
within the j>arlors. In other words, the hgnrc' r(‘pr(‘>(‘nts what 
Would he seen by a ])er8on standing towards the side — JK 
of the house, were the portion of it between him and the 
plane of section removed. 

This figure rejn-esents the section of the stairs and floors, 
and the portion of the roof above, and basement beneath of 
the iiall ; with a section of the partition walls, doors, roof, 
of the other ])orti()n. 

As the relations of the ])arts are all very siin])le and easily 
niiderstood, the j>arts of tne plans as well as of the elevations 
and verti(^al section being rectangular, fignr<'s of which all the 
dimensions are ])ut down, the drawings will speak for tlumi- 
selves better than any detailed description. Tsothing further 
need be observed, except that the drawing of the veitieal 
section may he commenced, as in the jdans, by drawing the 
inner lines of the walls, and thence proccieding to })ut in the 
])rin(;i])al horizontal and vortical lines. 

Reinarlrs. In drawings of this class, wluM’e thcfhjcct is 
simply to show the g(meral arrangement of the structure, the 
dimensions of the parts arc not usually written on them, hut 
are given by the scale aj)pendod to the drawing. AVliei'c^ the 
object of the drawing is to serve as a guide to the builder, 
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who is to erect the structure, the dimensions of every part 
should he carefully expressed in numbers, legibly written, 
and in such a manner that all those written crosswise the 
plan, for example, may read the same way; and tboc^e length- 
wise in a similar manner; in order to avoid the inconvenience 
of having frequently to shift the position of the slnad. to read 
tlie numbers aright. 

AViiere several numbers are put down, expressing the 
resj)eclivo distances of points on the same rigid line, it is 
usual to di’aw a fine broben line, and to write the numbers on 
the lino with an arrow-bead at cacli point, as shown in PI. 
XL Fig. r/, which is read— 5 feet; 7 feet 6 inches ; Id feet 9 
inches and T tentlis of an inch. 

AVhe?‘e the whole distance is also required to he set down, 
it may he d(»nc either h\ writing the sum in numbers over the 
broken line, as in this case, feet d indies and 7 tenths ; oi, 
better still, with the* mimhers cx]>ressing the partial di-^lamtes 
h(‘low till' broken line, and the entire distance above it. a'- in 
PI. XI . I'kg. A. Besides these pi^ecantions in writing the 
numbejs, (aidi tigurc also should he drawn with (‘xtreine 
aeciiraco' tn tli(‘ given scale, and he acconqiauied lo an ex- 
nlanato’n heading, or releivnce table. 

On all drawings of tliis class the scale to which tin*, drawing 
is made should he constructed below the tigs., and he accom- 
panied b\ an ex]>lanatorv heading ; thus, .sea/c of inches^ of 
fed h) uiehe'<, or Jeef. In some cases, the drauglitsman will 
find it more eonvenient to construct aseaieon a strip of di’aw- 
iiig ]>a|)ei' for the drawnng t< lx ’iiade, than to us»^ the ivory 
one; particularly, as with the jaipt ' oik* In- (.ui lay down Ida 
distances at once, without lirst taking them oil with the 
dividers, in the same way as points an; ti'anslerred by a strip 
of jKiper. In cither case, the scale should he so divided as to 
aid in reading and std-ting off readily any required distance. 
The best mode of divisitui for this purpose is the decimal; 
and the following manner of constructing the scale the most 
eouNcnicnt: — Having drawn a right line, set off accui'ately^ 
from a juiint at its left-hand extremity, ten of tlu‘ units of 
tb(* required scale, and number these Imm the left It^, 9, ifec., 
to 0. From the 0 point, set off on the light, as many equal 
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distances, each of the length of the part from 0 to 10, as maj 
be requisite, and number these from 0 to the right 10, 20, 
&('. From this scale any number of tens and units can be at 
onc(! set off. This scale should be long enough to set off the 
longest dimension on the drawing. 

See, for example, the scale and its heading at 'oettom of PI 

VIL 


Preliminary Problems in P rojections. 

Before entering upon the drawings of some of the many 
objects belonging to this class, it will be necessary to show 
the manner of making the projections of the cone, cylinder, 
and sjdiere ; that of obtaining their intersections by a plamj ; 
and also that of ret)resenting their intej’sections with each 
other. 

Cyli/n/er. (n. X. Fig. 107.) If we sup])ose a rectangle, 
ABCi)^ cut out of any thin indexible material, as stiff ])aste- 
boai'd, tin, Xc., and on it a line, if — drawn tliroiigh its 
centre, parallel to its side B — 6’', forexam])le; tliis line being 
60 iixed that the rectangle can be revolved, or tiu'jied about 
0 — it is (dear that the sides A — />. and /> — (\ will, in 
every position given to the rectangle, be still ])ar;dlel to 
0 — P^ and at the same di^taiuje from it. The side B — 6^, or 
A — therefoi’O, may be said to (h'seribe or generate a 
surface, in thus revolving about (> — 1\ on whicdi right lines 
can be drawn parallel to O — P, It will moreover be ob- 
served, that as the ])ointR A and /A with 1) and C are, 
respectively, at the same ])erpendicular distance (each e(jual 
to 0 — Z>) from the axis O — P^ they, in revolving round it. 
will describe the circumferemtes of circles, the radii of which 
will also be equal to 0 — B, Tn like manner, if we draw any 
other line parallel to A — //, or D — as a — />, its point or 
a, will describe a circmnference having for its radius o — /y, 
which is also etpial to 0 — B. 

Tlie surface thus described is termed a riyht (yircidar 
cylinder^ and, from the mode of its generation, the following 
properties may be noted 1st, any line drawn on it parallel 
to the line 0 — P, which last is termed ike axis, is a right line. 
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And is termed a right liiie element of the cylinder; 2d, any 
plane passed through the axis will cut out of the surface two 
right line elements oj)posite to each other; 3d, as the planes 
of the circumferences described by the points />, />, ttc., are 
perpendicular to the axis, any plane so passed will 'uit out 
of the surface a circumfcj'cnce equal to those already de- 
Bcrihed. 

Proh. 85. (PI. X. Fig. 108.) Projections of the ojlhvh r. 
Let us in the first place suppose the cylinder placed on the 
horizontal i>laue with its axis vertical. In this position all 
of its right line ekunents, being j):.r;Jlel to the axis, will also 
be vertical and be [>rojectedon the horizontal plane in points, 
at equal distances from the point o, in which the axis is pro- 
jected. Describing therefoi-e a circle, from the point e, with 
the radius ecpial to the distance between the axis and the cle 
ments, this ciiele will be the horizontal ])r()jection of the sur- 
face of the (wliiider. 

To construct the vertical projection, let us supjiose the 
geiuM'ating I’ectangle tilaced parallel to the vertical phiiic ; in 
this position, it will lie ju-ojected into the dinnietcaw / — hoi 
the <‘ii-(de on the horizontal plane, and into the e(jual rei'ttin- 
gl(‘ on the vertical ])lane ; in which last ligun* r — 
will l)(' tin* projection of circle of the ba>e of tin* evlinder; 
the line o' — h' that of its top ; and tb<‘ lines a' — d\ and !/ — o' 
tbo-e of the two o]>positc elements. As all the otlua* (denumta 
wdll b(^ ]»rojected on the vertical ])lane bf'tw mc* th(*s(‘ two hw,, 
the I'octaiigle <(P>'cd' will represent the vertical ])!‘oje('t ion of 
the entire surface of the cylindei. 7 show this moi-e deaily, 
let us suppose the generating rectangle wrought in/o a ]»ositi()n 
ohlique to the vertical jdaiie, as for example; in this 

position, the two elements projected in c, and fon tlie hori- 
zontal plane, would be projected res])ectively into e ' — //, and 
f' — h\ on the vertical plane; and as the oiui pr(»jecte<l in f 
f — //, lies behind the cylinder, it waaild be i’e])i‘ertented by a 
dotted line. 

All sections of the cylimler ]ni’-illcl lo the base, or ])erp(*n- 
dicular to the axis, being ciich"i, (‘qua! tolliat of the base, 
will be ]>rojected on the hoii/ontal planr int • the ci'cle of the 
base, and on the vertical in li’a*'- parallel to c — </'. All sec* 
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tions through the axis will be equal rectangles; which, in 
horizontal projection, will be diameters of the circle, as (^—f, 
and, in vertical projection, rectangles as e'fli'o'. All sections, 
as J/— iV, j)arallel to the axis, will cut out two elements pi-o- 
je -ted respectively in — p' ; and 

The manner of constructing oblique sections will 
be given fartlnn- on. 

St). (Pi. X. Fig. 109.) Cone. If in a triangle, 
having two (‘(pial sides fV—p\ and e' - j)', we draw a line 
2>'—o\ bisecting the base c' — d\ and sn])]H>se the triangle 
revolved about this litic as an axis, the equal sides will 
describe liie curved surface, and the base the circular base 
oi a bod} termed a right cuou- uoith a virculor 

Fioui what has been said on the c\linder, it will readily 
ajipear that, in this case, any ])lano ])ass('d through tlie axis 
will cut out of the cur\ed surface two right lines like d!—p\ 
and (/ — p ; and, therefore, that from the point p of the sur- 
face, termed the vertex.^ right lines can be drawn to every 
})oint of the circumferenct; of the base, ddiese right lines are 
termed the right line element's of the cone. It will aPo be 
equally evident that any line, as ii—h, drawn })eiq)endicuilar 
to the axis, will dese-rilx^ a circh* j^araJlel to the base, of which 
a — h is the diamet(‘r, and, therefore, that every section })erpcii- 
dieular to the axis is a circle. 

From these ])reliminaries, the manner of ])rojecting a right 
cone with a circular base, and its sections either through the 
vertex, or j»erpt‘ndi('ular to the axis, will he readily gathered 
by reference to the figures. 

The liorizontal projection of the entire surface will be 
within the circumference of the base, that of the vertex being 
at j)» The vertical projection of the surface will be the 
triangle (Hp/c' ; as the projection of all the elements must 
lie within it. Any plane of se?ction through the axis, as c— 
will cut from tlie surface two elements ])roje('ted horizontally 
in j[>“-;/’and ^^? — J vertically in e' —g)' \m(\f'—p'. Any 

plane passed through the vertex, of which M—N is the hori- 
zontal trace, will cut from the surfac.e two right line elements, 
of which 2 — rn and p—n are the horizontal, and g/ — in and 
p — n' the vertical pn^jections. Any ])lano as li — S i)assed 
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per])endicuiliir to the axis will cutout a circle, of vvliich ii — V 
is the vci tical, and the circle described from with a diame- 
ter <i — h (^(jiinl to a — h\ is the horizontal projection. ' 

NT. Sj>he)'e. (PL X. Fig. 110.) Drawing any 
diaiucK']*, O— l\ in a circle, and revolving the figure around 
it, i1h‘ circnniference will describe the surface of a sphere; 
tlic (lianii'tei’ A — B ])erpendicular to the axis will describe a 
circle (Mjiial to the given one; and any chord, as a — will 
d('S('i'il>e 11 eireh‘, of which a — h is tlic diameter. Sup])osin:r 
tli(‘ ^pll^l•e lo n*sl on the horizontal plane, having tlie axis 

— /' \ erl ical, every section of I'k; '^plicre ])erpcndieular to 
till- ;r\!- w ill b(‘ projected on the 1 oiizontal plane in a circle; 
an<]. a- :lu* s('eti<»n tlirough the centre ents out the greatest 
eii'cle. the enlirt‘ ^urf-uaj will he projected within the circle, 
the diuiiK'lc! oi which, A — />, is ecpial to the diameter of the 
genei-at !iig <'ir{'le. In like manner the vertical ])rojeelion 
will b<* a circle (Mpiai to this last. Tlie centre of the sjihei’c 
'will !.(‘ }>rojccted in ('and 6''/ and the vertical avis in O 
aiul O — J\ Any section, as B — S, })er]K‘ndienlar to the 
axi-. will cut out a circh* of wliicli it — A is the diameter, and 
also the \(‘ilical projection; th(‘ Imrizontal projt'clion \Nill he 
a ciicle (b‘S(*rih(‘d from (J with a diameter eipial to u— A. 
An\ as jM — 3"", l)y a vertical ]>lan(‘ ])aralh‘l to tin* 

\crti('ai plane, of projection, will also he a circle pr(*j(5cted on 
the lioi-i/'iiiial j>lane in m— n ; and on th(^ \ertical ])la,nc in a 
circle, dcsiM’ibed fi'oni (''as a (centre, a: 1 with a diameter 
c<jual to m — )!. 

lii htitrbs, 'rijo thn'C snrfju'c.^ I deserilxM) hi'lonir to a 
cla>< termed ^nvfitces t>f \\'\\\A\ coaipi-iM'-, a \c!-v 

large numluT of olgca-ts; as for example, a*' ttm^c wliidi ar(‘ 
fashiimed hv tht* ordinarv tui'iier's latlic The\' liavc all 
('ortain ])ropciti(‘s in ecminion, which arc — l.-t, that all sec- 
tions perpcmiliciilar to th(‘ ;i\i> of rcv/»luli»m are. circles; 
2d, that all section^ through the :i\i^ of i evolution ai*e equal 
figni('s. 

Proh. NS. (PL X. Fig. 111.) 7h -v-. /•.'/•//<*/ (he f^^epon of 
a yti/hf eireuliti' nfhmler A// o pJdtte ohlupte to tfs ttxts^ and 
2H'i'j)ei\dieohtr to (hr rertienJ jtJtiHe nyj>rnJi (iion. 

1>7 21 (thud. Let iiohh and ah'dd' he llie projections of 
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the cylinder, and M — 'N' the vertical trace of I he plane of 
section. This plane will cnt the surface of the cylinder ii» 
the curve of an ellipse, ali the points of which, since the cur\e 
is on the surface of the cylinder, will be horizontally projected 
in the circle aohli^ and vertically in m' — n\ since the curve 
lies also in the j)lanc of section. Now the plane of section 
cuts the two elements, projected in a, a' — r/', and h' — c', in 
the points projected in and in! ; and and n\ It cuts the 
two elements j»r(>jeeted in o — i\ and and A, In the points 
l)rujected verti(;ally in /•', and horizontally in o and h. Tak- 
ing any other element as the one ])rojected in c, d — the 
plane cuts it in a point projected vertically in q\ and horizon- 
tally in e. The same })rojection e and q would also corre- 
spond to the ])oint in which the element projected in/’, e! — .77', 
is cnt by the plane ; and K) on for any other ]>air of elements 
similarly placed, with res])ect to the line a — h on the base. 

%i Method. As the plane of section is ]>er]>end)cnlar to 
the vertical 2‘)lane of projection, its tivacc on the horizontal 
plane (PI. YL Fig. will be the line J/ — 1 \ ])erj»endicular 
to the ground line, in like manner, if the j)lane of h(*ctioii 
w’as cut by another horizontal plam*. as q — /y or if tln^ origi- 
nal horizontal plane was moved up into the j>osition of the 
second, q — I would become the new ground line, and the line 
the trace of the plane of section on this second hori- 
zontal 2>lane. From this it is clear, that the line in which the 
second horizontal })lane cuts the ])lane of sectic'ii is projected 
vertically in the jxunt^)', and horizontally in the line — ■/>", 
on the tirst horizontal j^lanc. Put the horizontal plane of 
which q — I is the vertical trace, being j)cr])endicular to the 
axis of revolution, cuts out of the cylinder a circle which is 
projected into aobk ; and as it is equally clear that since the 
line, projected in lies in the horizontal idane q — 

it must cut the circle also, the points / and in which 
cuts the circle of the base, will thus be the ])rojec,tions of 
the points in question. A like reasoning and corresponding 
construction would hold true for any other points, as r', q\ 
(fee. 

EanarJes. Of the two methods here given, the 2 d, as will 
be seen in what follows, is the more generally applicable, ai 
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reqi-iiing more simple coTistructioiis ; but the Ist is tlie moi'e 
suitable for this particular case, as giving the results by the 
simplest constructions that the problem admits of. 

Proh. 89. (PL X. Fig. Ill2.) To construct the }<ccf(ons 
of a right cone with a circular base hy jdaues jferjKndictdar 
to the vertical 2 >lune qfj)rojection. 

This pj’oblcm comprises five cases. 1st, where the plane 
of section is perpendicular to the axis; where it passes 
through 1 he vertex of the cone ; od, wliere its vertical trace 
makes a smaller angle with the ground line than the vertical 
projection of the adjacent element of the c/me does ; 4th, 
where the trace makes the same angle as the ]>rojcction of 
the adjacent element with the grormd liiu*, or, in other words, 
is parallel to this pr(»j eel ion ; hth, where the trace makes a 
greater angle than this line with the ground line. 

Cases 1st and 2d have already been given in the projections 
of the cone (PL X. Fig. 109) ; the remaining three alone re- 
main to be treated of. 

Case '6d. Jn this case, the angle N ML^ between the trace 
M — i\^of the ^dane and the ground line 0 — A, is less than 
that dah\ or that between the same line and the element 
j)rojected in o' — a! ; and the curve cut from the surl’ace of 
the cone will be an ellipse. 

From wdiat precedes {Proh, 80), if tlie cone be intersected 
by a liorizontal plane, of which g — I is the trace, it will cut 
from the sui’face a circle of which d — </' ^ tiie diameter, and 
whi<di will be pixm^eted on tlic hurizontal plan/ in the cir- 
cumference described from o on diis diann‘ter; ttiis ])lane 
will also cut from the plane of section a right line, projected 
vertically in /, and horizontally in /• — r" ; and the ])rojec- 
tions of the points a and in which this line cuts the projec- 
tion of the ciicumference, will be two ])ointR in the ])rojection 
of the ciiirve cut from the surface. 

(Constructing thus any number of horizontal sections, as 
g — /, between the ])oints vd and n' (the vertical ])rojecti(mB 
of the points in whi(di the plane of sccti<m cuts the tw<^ ele- 
ments parallel to the vertical plane), any numler of points in 
tin? horizontal projection (f the curve can be obtained like 
the two, aiiO u, already found. 
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On examining the horizontal ])rojection ot the curve it will 
be seen tliat each pair of points, like a* and are on lines 
perpendicular to m — /i, and at the same distance from it ; 
and that the points iii and )i are on the line a — into which 
the two el(mienth j):irallcl to the vertical [dane are projected 
It will also 1 k‘ seen that the two points .v and '?/, determined 
by tliat horizontal plane which bisects the line vi ' — are 
the farthest from the line ni — n. The line — ?/, which is 
the horizontal [)rojeclion of the longest line of the curve of 
section, is the transverse axis of the eirn>se into which this 
curve is projected, and the line s — a the conjugate axis. 

Proh, 90. fhcsr.s* 4 and 5. (PL X. Fig. 113.) Although 
the curve cut from the surface in each of thcjse cases is dif- 
ferent, Cane 4 giving a parabola, and Came 5 an hyperbola, 
the manner of determining the projections of the ciirxx is the 
same; and but one example therefore will be requisite to 
illustrate the two cases. 

'raking the \erlical trace J/ — xV, of the plane of section, 
parallel to a’ — o', its horizontal trace, M — will cuit the 
circle of the base in two points, n and which are ])oints (d 
the horizontal projection of the curve of section. The plane 
cuts the element parallel to the vertical plane, and which is 
})rojectcd in o — b, and o’ — //, in a })oint, ])r(»jected in ifi and 
hi. The three p(hnts thus found are the extrenui points of 
the horizontal projection required. To lind the intermediate 
points, ])roceed as in 3, by interse(iting the cone and 

plane of section by horizontal planes, as // — /, and then deter- 
mining the projections of the points, as .v and in which the 
lines cut frojii the plane intm'sect the circumferences cut from 
the surface of the cone. A curve drawn through the points 
thus found will be the required projection. 

J^roh. 91. (1^1. XI. Fig. 114.) Tojlnd the projeciions of 
the cur re of intcTsection cutfrorrt a sphere by a }>lane of sec- 
tion.^ as in the precedmg problems, 
hat 0 ^ o' be the projections of the centre of the sphere; 
Jf— A^and.ilf— P the traces of the piano of section. 

Intersecting the spliere and plane by horizoiital planes like 
g — ly as in the ]>receding ju'oblcms, and finding the projec- 
tions of the lines cut from them, the ])oints, as s and iu 
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which tliese iutci-sect, will be j)oiut8 in the projection of the 
required curve. 

Tlie points m! and in which M—N cuts the vertical 
projection of the sphere, will be the vertical projections of 
the points in which the plane cuts tlie circle parallel to tlie 
vertical plane, and which is projected in a — h ^ the horizon- 
tal projections of tliese points will be ?//, and 7 /, on a — 
Tlie liorizontal projections of the points in wliicli the plane 
cuts the horizontal plane (f — 1\ through the centre of the 
S])here, are c and J. The projection oi the curve of iuters(‘c- 
tion is an clli[)se, of which c — d is tue transverse, and i/i—ii 
the conjugate a\i^. 

Fig. A is the circle cut from the sphere, the diameter of 
wliieh is ni' — ii’ . 

Proh. hit. (FI. X. Fig. 115.) To const ruct ike curves <</ 

inff r.scedon of fkr 2 >kt)ies o f section und the surfaces ui the 
(‘<1 i iHj jfroidcins. 

In each of tlu; preceding jirohlcms, the liorizontal and ver- 
tical }»rojections of the curves cut from the surface liavo alone 
heen fouii'l ; the true dimensiiuis of these eur\es, as they lie 
in their respiH'tive [ilanes of section, remain to he deter- 
mine<l. 

\sf j\T(hod An examination of (Figs. Ill, 112, 113, 114) 
will ^how that as the ]>oints vertically |>rojected in no and u' 
and horizontalls on the linos a — A, are at tin* same distance 
from the vortical jdane of projection, the i lu* joining them 
will he vertically proj(;cted into its true Icngtn m' — n'. In 
like manner, the lines cut from ti:c plane of section by the 
horizontal jdanos, as <j — /, and projected horizontally in .v — /q 
are ]>rojected in their true length, and they, moreover, lie in 
the plane of section and arc perpendicular to the line m' — n\ 
If we construct therefore the true positions of these lines, 
with respect to eacJi other, we shall obtain the true dimen- 
sions of the curve. To do this, draw any line, and set off 
upon it a distance m' — n' equal to in' — 7 /'/ from ???/, set <'tf 
the distances mf — q'^ in' — /, ccc., equal to those 011 

tlie cori'csponding proj(‘ctions ni — y', v^c. ; throngli tha 
points (f ^ ?•', A'C., draw per])endiculars to //?' — /F ; and on 
these last, from the same ]>oints, s(‘t off each wav the equal 
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distances ¥ — «, r' — «, &c., the half of tlie corresponding 
lengths 8 — w, &c. Through the points m', 6*'. tfec., thus set 
ofF, draw a curved line ; this curve will be equal to the curve 
cut from the surface. 

Remavl's. This curve in the cylinder, and in Cane .‘1 of the 
cone, is an ellipse, of which m' — n' is the length of the trans- 
verse axis, and (he line s — corresponding to the point r\ 
the centre of m' — n\ is the conjugate axis. In the last tw( 
C(i8es of the cone, the curve is either a paral)ola, or an hyper- 
bola ; and in the sphere it is in all eases a (ureh^. 

Proh, b;]. ^Id Method. (PI. X. Pigs. 1P2, 113.) Going 
back to what has been shown, in describing the manner ot 
generating any surface of revolution, we find that every point 
in a plane, re\olved about an axis in that plane, revolves in 
the circumference of a circle, the radius of which is the ])er- 
pendicular drawn from the point to the axis. If then we 
know, or can lind the perpendicular from a ]>oint in a plane 
to a line in the same, taken as an axis of re\olution, we can 
aUvays construct the ])osition of this point, in any given posi 
tion of the plane. The case of }>oinis in the vcu’tical ]>lane 
of ])rojection, is already a familiar illustration of this prin- 
ciple. The distances of these points from the ground line 
being the same after the verthtal plane is revolved around it, 
to coincide with the horizontal plane, as they wei‘e before the 
revolution. 

Now, to a})])ly this principle to liuding the true dimensions 
of a cui’ve of section ; let us revolve the ])lane of section, in 
which the curve lies, around its vertical tracie M — for 
example, until the jdane of section is brought to c.oinclde with 
the vertical plane of projection. The point of the curve, of 
which in and 7 / 1 ', for example, are the ]>roje(;tions, is at a 
perpetidiciilar distance fnun the vertical jdane equal to the 
distance m — in" of its horizontal projection from the ground 
line; but as the vertical projection of the point is on the 
trace M — N, the length m — m^' is also the p(‘rpendicular 
distance of the point from M — Drawing then, from 7n\ 
a j>erpcndicular to M — TV, and setting off upon it a distance 
rn — 7n"' equal to m " — the point in"' will be the position 
of the point of the curve, when its plane is revolved around 
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M—N, to coincide with the vertical plane. In like manner, 
the i)osition6 of the points j»rojected in s and u are found, by 
drawing through the ]>oint /*', tlieir vertical jwojectioii, a 
perpendicular to J/— and setting off on it the leiigtlis 
r' — s, and /■' — w, equal to the ivspeelive length> /• — .s, and 
7 ’ — i/, the distances of tin* horizontal projections of the points 
from the ground line; and so on lor the othei points. 

luDKirli's. A moment’s examination of the two methods, 
just ex[)lained, will show that their results are identical, the 
liiu^s, as ,s‘ — for examph^, being of the same length and 
oeeiijiying the same position, with inspect to the ecpial lines 
'in' — n' ^ and m"' — n'". The .'^erond ^hows th(‘ (‘oniu‘ction 
between the diltei-ent ]>oinls moix* clearly tlian the, first, and is, 
in most ease^, tin* nnux* c(*u ve.hu'nt om^ for eon'^true.ting tluan. 

It will h(‘ seen tartiu'r on, that this ]>rin(‘iple of iinding the 
true jjosilioii': of points in a plane, with respec,t to eiieh other, 
hv rexolviiig the plane anmnd some line in it, seharteil as an 
axi^, if- of freqiK'nt and convenient aj)plication in obtaining 
, th(‘ projections of points. 

I*rnJ(U‘t’n>ns nf (he rUjht cijUniler and ri<jht cone in 
t‘ton'< 'where (heir ii.ren are ohJ}q>fe (o either one or both pJanen 
of jtrojeef] on, 

I* red minarij ProtfbniiK, The 2d method emjdoyod in the 
preceding pi’oposition, by wdiich the true ])ositions of any 
points in a ])lan(^ are found, when their pix.jections are given, 
by revolxing the ])lane to coincide with either th(‘ v('rtieal or 
horizontal plane of projection, may he umm|, with great 
advantage, for constructing the })i i(‘ctions of any series of 
points contained in a j>lane, in any W'i.snynet/ jtosition (»f this 
plane, when the projections of the same points ait* known in 
any (jirea position of the plane. 

' Proh. hi. (PI. X. Fig. IKi.) Let a'h'c'd' he the vcrti(*al 
projection of a circle, contained in a ])lane parallel to the 
vertical plane of iirojecf.ion, of which O — P is the horiztuital 
trace. As the plane, containing the circle, is perpendicular 
to the horizontal plane, all the points of the circle will he 
projected horiztmtally in the trace O — P, The points, of 
wliich a' and />»', for example, are the vertical projectiouB, 
being projected in a and tfec. 
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Having the projections of the circle in this position of its 
plane, let it be required to find the ])rojections when the 
plane is revolved about any vertical line drawn in it, as, for 
example, the one of which M — N is the vertical, and O the 
horizontal projection, and brought into a ])osition, as 0 — 
oblique to the vertical plane of ])rojection. 

From a slight examination of what takes place in this 
revolution, it will be clearly seen, that the ])ositions of the 
points in the circle, with respect to the horizontal ])hnie of 
projection, are not changed, and that tlu‘y are only moved in 
the revolution farther from the vertical plane. As a familiar 
illustration of this, suppose a circle described on the surface 
of an ordinary door, when closed. When the door is o[)ened, 
all the points of the circle will still be at the same distances 
above the floor, considered as a horizontal })lane, as they were 
when the door was closed, the only change being in their 
farther removal from the surface of the wall, considered as a 
vertical plane. Let 0 — P' then be the trace of the plane 
containing the circle in its new assumed position, the ])oiuts 
ill horizontal projection a, /y, Ac., will, in this new ])ositiuii, 
be found at ^ 1 , Cl, ^ 1 , at the same distances O — cz-i, from f>, as in 
their first jMJsitions 0—a, Ac. The vertical ])rojections of 
tliese ])oints in their new i)ositions will be found, by drawing 
through the })oints t/i, Ac., perpendiculars to the ground line 
and setting off on these the same distanees above the ground 
line, as the original vertical projections of the points. Describ- 
ing a curve through the jM)iiits Ae., coi-re.^poiMliiig 

to a\ h\ o', d\ Ac., thus ol>taincd, it will he the \er1ieal [)ro- 
jectioii of the circle required. This cur\e will 1 k) an ellipse, 
of which the line c" — d'\ <;qua] to c — d\ is tlic trans\ersc 
axis; and a ' — //k the vertical ju'ojoction of the diameter 
a — // parallel t<> the horizontal jHane, is the conjugate axis. 

licifidrl'H. From an examination of th(‘ carcle and the 
ellipse, it will he seen, that the diameter of the eirele d — d\ 
whieh, in the revolution of the piano, remains parallel to tlu^ 
vertical plane, becaunes tluj transverse' axis of tlic ellip.^e, 
whilst the one, a — h\ jecipendicular to d — d\ and which, in 
tiie revolution, ch.inges i^^ position to -the vertical ]>lane, be- 
comes the conjiigat*e avis. Also that all (he liiK;^ of the eiroie 
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parallel to c' — d', as m' — in'\ remain of the same length on 
the elli])se, ami parallel to •/' — d". 

In all ohlifpie ])ositioiis that can be given to the ]>laiie of 
a circle, with respect to either plane of ])r()jectIon, the pro- 
jection of the circle, upon that plane of projecticm to which 
it is oblique, will be an ellipse ; the transverse axis of which 
will be that diameter of the circle whicli is parallel to tho 
plane of projection, and the conjugate axis is the projection 
of that dnunetc'r whic^h is [xM-pendicnIar to the t]-ansvei“s(; axis. 
Whenever, thererore, the projections of these two diametera 
can be found, the curve of the elli]/se can be described by the 
usual methods. 

J^rob. ho. (PI. X. Pig. 11(1.) Ilariiuj (he j^irojectiom oj 
ajiytire vvHfauicd a ydane peryiendtcaUie to onejdane oj 
2 )rojeiiio)(^ but obUyne to the othe/\ to find the true dimen 
hvohs <fi the fiifurc. 

This ])rol»l(mi whicii is the converse of tlie juveeding is alsc 
of fre(pieiit application, in linding the })i'ojections of jioints 
as will he ^eini fni’ther on. 

SuppoK* O — th(‘ hori/ontul trace of a plane perpen 
diculai- t<» the horizontal jilane of ]»rojection, hut oblique tc 
,the vertical ; and let the ])oints (-q, Cj, b^, Xc., he the hoi'izontal 
]»iojecl i('ns, a’, d (i\ e" ^ b \ </" the \ertical ])r(»je('tions of the 
jioiiits of a figure contained in this plane. If we sujijiose the 
])laiie to he rcv(>Ived aliout any line drawn in it pei‘])emlic,ular 
to the horizontal })Ian(‘, as the om; of ulii. ' i), and J / — ^ 
are the ]>roject loirs, until it is hrougiit ])arallel to the vertical 
plane, the horizontal trace, after ic\Oi wil' he found in 

the position <) — /*, j)ara.llel to the ground line ; and thu 
points e/ Cl', Xc.. in the new jiovitioiis <f, , nu () — 

The vertical projections of theM' points will he found ir 
a\ e', //, d\ X^c., at the same height aho\i‘ the groimd line as 
in their pi’iiniti’vc positions. The new tig-ure, heing t)arallel 
to the vertical t>lane, will be ])rojecte<l in <uie u'b'cd', X^e., 
equal to itself. 

Iiemarls. This method, it ina} lie well to iK)te, will also 
aei*v(> to tiiid the pi-i'joetious of any jiolnts, or of a figure, eon* 
taine<l in a plane pci'pcndicular to the horizontal, but oblique 
to tlie vei’tical jdanc, for any new oblique position of this 
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plane, with respect to the vertical plane, taken up, by revolv* 
ing it around a xine assumed in a like j)osition to the one of 
which the pi’ojections are 6 >, and M—N. 

Proh. 9G. (PI. X. Fig. 117.) To cojistnict the projections 
of a given right cglinder iviih a circular hase^ the cylinder 
resting on the horizontal jdanc^vjith its axis oblique to the 
vertical 2>la7ie of q>rijcction. 

Wo have seen {Proh. 85) that the axis of a right (.*ylinder 
is })crpeiidicular to the jdanes of the circles of its ends; and 
that, wlien tlie axis is parallel to one of the planes of projec- 
tion, the projection of the e}din<lcr on that ]>hine is a ledan- 
gle, llie lengtli of wliich is equal to the length of the axis, 
and the breadth equal to the diameter of tlu‘ circles of its 
ends ; constructing, therefore, a rectangle abed.^ ol’ which the 
side b — c is equal to the length of the axi^, and the sid(' a — b 
is the diameter of the circle of the endh, thi^ lignre will he 
the horizontal })rojection of the cslinder; the line o — 7 s 
drawn bisecting the op])ositc sides a — A, c — </, is the ])rojec- 
tion of the axis. 

To make the vertical }>rojection, it will be observed, that 
the bottom element of the cylinder, being on the horizonial 
plane, and projected in the line o—p^ will be projeetth into 
the ground line, in the line ' i whilst the toj) elonent, 

which is ‘also horizontally ])rojected in 0 — 7 ), will Ik; ])rojectcd 
in d—qf at a height abov(‘ the ground line equal to the 
diameter of the cylinder. The line s — 1\ ]^arallel to 0 " — 
and bisecting the opposite sides o' — o ', and p -—p \ is the 
vertical projection of the axis. 

The planes of the circles of the two ends, being ixu-pcndi- 
cular to the horizontal plane, but oblique to the veitical, the 
circles {Prob. 94 ) will be projected into ellijises on the verti- 
cal plane; the transverse axes of which will be the lines 
d — and p'—p", the vertical projections of the diameters 
of the circles parallel to the vertical plane; and the lines 
d — b\ and d! — c\ the vertical jirojections of the diameters 
parallel to the horizontal plane, are the conjugate axes 
Constructing the two ellipses aid’d o\ and d'qdcjf the ver- 
tical projection of the cylinder will be completed. 

Having the projections of the outlines of the cylinder, the 
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projections of any element can be readily obtained. Lcl 
us take, for example, the clement wliieli is liorizontall} 
projeeted in in — n. The vertical projections of the points 
? 7 i, and tu ^viil be in the (-nrves of llie ellips(‘s; tlie foi-nier 
either at m , or 'in!' • the latter at or n" ; drawin^^, there- 
fore, the lines in' — //, and the^e lines, which will 

be }»arall('l to -s' — /', will be the \erti<*til jti’oj eel ions of 
two elements to wliit h the hoj-izniital ]>i-ojcetion ni — n cor- 
re^ponds. 

Proh. 97. (PI. XI. Fi^'. 118.) 7h r<)n.sC/‘n<-f /he jino/fit' 

tluns, (iii in ihe hin/ jir/th/ein^ iv/h n 1h<' n.vis /s* jhtrnlft l fn the 
V(’rfi*nl^ bnl nh/iiint to tin' hori^^nfnl ji/nne j the cylinder 
In itnj in Jiont of tin' eriiicn! j)lnjo\ 

Thi^ pruiilem diher^ lioiu the pro* ediiie' <»ni_\ in tha.1 the 
})o^ili!lU oi the e\lino-'J with inspect t<> the plaiK*^ of projec- 
tion 1 “- j'l'Nci-ed; ihe \(‘rtica! pr» ij(M'i imii, tin i^dore, in this 
ca'(‘, will he a r(a*tiiniil(\ h.avine' it- -i'lc' ohlipue to the 
liiir ; wdiiPl, in h"riz<>nnd projccinni. tin* elements 
will he ['i*oje<'t<-d parallel to the i:r>»ii!nl line, and the cIk'IcS 
oi tin* end- into two e(pial (‘Ihp^es. 

do make the ]H'on'rti«>n>, h‘t lu- imai;':ne the < \l!nd(‘i‘ ie>t- 
ine’ on a ^olid, of which the reelani^’le is the Ina’izontal, 
and file oiie Z the xei'iiial projection, and toiieiiini;' tin; hori- 
zoiital plane at tlu* ]>o;nl of its lowmr end, of which (* and c' 
a'c the p’o jt'et ion>. in thij^ ])o>ition, tin* rec'hin^U* ck/'z/f/', 
con>tni(‘led <‘<]nal to the ueneialinL;; i-ectait^ . w-.l’ lx* the wr- 
tical pi'ojection of the cylinder* t'!>'‘ lines e'-— y/, and e — 
the })i-oj(‘etioiis of tli(;;i\is; aim tt. • t \Vo elhp-e- and 

esdn^ (d which /* — /. and n — //, equal to tin' <iianieiei’> of the 
circh> of tlui ends, are tin* trans\erj?e, and ,/ — />, and r — z/, 
(la* horizontal projectiinis of the diameter> ]taiall(‘l to tlu* ver- 
tical ])lan(*, ai’C the ci>njngate axes, tiie projections of the ends. 
Any line, as in' — n\ di’aw'n parallel to o' — jd wid he tin* ver- 
tical projection of tw’o elements, tin; horizontal proji'ctions of 
which will be the tw'u lines m — //, drawn at e(pial distances 
from 0 — -/>, the points ///, /;/, and ii, n, on the (*llipses, being 
the horizontal projections of the jioints of which ?/?/, and n' 
are the vertical projections. 

Prob. 98. (PI. XL Fig. 119.) To count met the iirojeo^ 
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tions^ 08 in the 1 isl j>roU(’7n ^ inlwn the axis of the cylmder k 
ofdique to hoih jdanes of jmf'dion. 

To simi’lify this c*aso, let us imagine the cylinder, with the 
solid A"" J", Z on whieli it rests, to be sliifted ronnd, or re- 
volved^ BO as to bring them botli oblique to the vertical j)lanc 
of projection, but without changing their position with res])ect 
to the liorizontal plane. In this new ])osition, since the cylin- 
der maintains the same relative situation to the horizontal 
plane as at iirst, it is evident tliat its horizontal })rojection 
will be the same as in the preceding case; the projections of 
the axis and elements being only oblique instead of })arallc'. 
to the ground line. Moreover as all the ])oints of the cylin- 
der arc at tlie same height a]>ove the horizontal plane in the 
new as in the former ]K>sition, theli' verti^-al projections will 
be at the same distanc.e aht>ve the ground line in both posi- 
tions; having the horizontal ]»rojection of any point in the 
new position, it will be easy to Hnd its vertical ])rojection by 
the usual metho<l, Proh. h-t. In the vertical projection of 
the axis in the new position, the points o\ and // will 

be at tiic same distance above the ground line as in the origi- 
nal one. The vertical [>rojecti(uis of the circles of the ends 
will be the cllip>(‘s a and e'sd'u. The vertical projec- , 
tions of the elements, of which the two lines rn — 7i are the 
horizontal })rojections, will be the lines in' — /i', and 7n" — n/'/ 
(fee., (fee, 

lieiiiai'ks. The preceding [)roblem naturally leads to the 
method of constructing the projections of any body, n]>on 
any vertical plane placed obliquely to the original vertical 
plane of projection, when the projections on this last plane 
and the horizontal jdane are gi\en. A moment’s r(*lh‘ction 
will show that, whether a body is j)laecd obrnpicly to the 
original vertical plane and in that position ]>rojected on it, or 
whether the projection is made on a \ertical plane ohlicpie to 
the original \crti(ail })lane, but so placial, with res]H‘ct to the 
body, that the latter will l\old the same position to the obli(pie 
plane that it does to the original vertical ])lant‘, the rc'sult in 
both cases will be the same. If, for exam])lc, d' — IJ be 
taken as the trace of a vertical plane oblitpie to tlie original 
vertical plane of projection, and such that it makes the same 
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angle, O'Md, wifli the liorlzon+jil pr.jjcetioii of the axis of 
the eyliiule]', as the latter, in its oblique position to the origi- 
nal gi'oiiiul lin(‘ G — Z, makes witli this line; and the cylin- 
der he thus pi-ojeeteti on this new vertical plane, and with 
reference to the new ground line, G' — L in the same manner 
as in its obli(piii position to the origijial vertical plane of pro- 
jection, it is evident, that the same results will be obtained in 
both cases ; sinc.e the position of the cylinder, with respect to 
the original vertical plane, is precisely the same as that of 
the new vei'tical ])lane to the cylimhu* in its original position. 
If, tbeud'ore, pcupendicailars be dra.rn, from the horizontal 
proj(‘ctions of the points, Ut tlie n« w ground line G ' — //, and 
di.'iaiiccto be set oif Ujion thorn. ahov(i this liiu‘, etpial to the 
<ii>lances of the veilical projections of the same points above 
(f — y., the [loints thus obtained will he the ii(‘w vertical pro- 
jections. 

l]y a similar metliod it will be seen that a vertical projec- 
tion on any new plane can be obtained when the horizontal 
and vertical projections on the original planes of projection 
ai’(‘ known. 

I* rob, 99. (PI. XL Kig. 120.) cooHruct the 'pritjec.- 
i'u>m of a right cone with a circidtt7' base,, the cone resting on 
its sides 071 the hordzioUal pUme, (unl haring its axis pai'aUA 
to the vertical plane y and in front of if. 

In this ])osition of the coiu', its veitical projection will be 
e(pial to its generating isoscedes triangh*. and the line 

c — o' drawn from the projecti'>n (d' the vertex, and bisecting 
the projection of the base, u' — A,'- the p»-oj(‘cti >11 of the 
axis. 

To construct the horizontal j^njection, draw a line b — c, 
at any convenient distance from the groimd line, for the posi- 
tion of the horizontal pr(»jection of tin- axis; and lind on it 
the horizontal projections c, and o of the points c(n-i‘e.<]>onding 
to those 6*', and o' of the vertical projection of the axis; 
through the point o drawing a line d — t ])er[)endicidar to 
b — c, and setting off from 0 the distances o — d, and o — <?, 
e<pi;d to the radius of the circle of the cone’s base, llu‘ line 
d ~r will be the transverse axis of the elli[ise, into which the 
cirele of the base is projected on tlie horizontal plane. The 
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points h, and a are the horizontal projections of the points ol 
the base of wliich h' and a' are the vertical projections ; and 
h — a is the conjugate axis of the same ellipse. 

To find the horizontal projection of any clement, of which 
g' — in\ for cxann>le, is the vertical projection, find the hori- 
zontal projections m, m corresponding to m' and join them 
with G ; the two lines c — will be the horizontal proj(’(^tion8 
of the tvro elements of which <■' — ?/// is the vertical projec'tion. 

If it is re(|uired to find the horizontal ])rojeeli()ns of any 
circle of the c,(>ne ]>arallel to the base, of which )>aral- 

lel to (.i — is the vertical })rojeetion, (Ind the horizontal ]>ro- 
je('tioii '/ of tlic point (Corresponding to the projection i' on tlio 
axis; and through / draw j> — (j parallel to d — e; this will 
giNC the ti\aus\ers(‘ axis of the ellipse into whi('h the circle is 
projected on tlie liorizoiital jtlanc; the [joints and //, eor- 
res[K)iiding to and //’, are the, ho]-izontal projections of the 
extremities of tluc conjugate axis — //. 

Pr(}h, loo. (PI. XL Fig. 1-L) To •onsfriai iht 

of the v(otc }•>'<! (iHj. in iJm xatnG no///ncr ns in //ir Inst 
jn'ohh-ni^ on tin hori'cnninl ]>Ui nt^nntl hncuoj its a, vis (Jiliqnf 
to the rerhcnl j^niw oj' jnstjed mn . 

In this [josition of the cone its horizontal projection will ])e 
the same as in the la^t prohlem ; the vertical |>rojeelions <tf 
the different pomis will he found a.' in the <-aM- of tin* c\lin- 
dcr having its axis ohlicpie to both plain's of projeetioiis ; 
since* the heights of iIk; diilerent ]>(»inls aho\e the horizontal 
plane remain as tlnw were before tin* [Kisiiion of thi' cone 
was changed with resp(*ct to the vertical })lane. 

Proh, 101. If we imagine the com* so jdaet'd, with rt‘S[ject 
to the vertical plane, that the horizontal [jrojeetion of its axis 
is perpendicular to the ground line, then its vertical [u-ojec.- 
tiou will he as reju'csemtod in (PL Xi. Fig. 122), in which 
the clement, or side on wliieli the cone rests, will he ])roj(‘eted 
in the point c'y and the ciixde of the base into the elli[)So 
a!Vcdy of which a' — d\ j>arallel to the ground line, and 
equal to the diameter of the (urcle of the base, is the transverse 
axis. The projection of any circle parallel to the base will he 
constructed in a like manner. 

pToh, 102. (PI. XTI. Fig. 123.) To construct the j^rojeo 
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of a right liolhm cylinder with a cirmlnr ha^e^ haring 
its axis j>arallel to the rertical j^lane, hat oblique to the hori- 
zontal iflane of projection ; the cyJhnfer touching the hori 
zoiital and being in front of the vertical plane. 

Tin's case differs in no other respect from Prob. 97, 

118, than in havini]^ for its haso a circmlar rini^ instead of a 
circle. The vertical })rojection of the outer surface of the 
c.\ Under will h(‘ the rectangle al/cd' ; that of the interiot 
surface a'U'c'd' : and that of the axis the line o' — g/, nich- 
ing the same angle with the ground line as the axis itself does 
with the hoiizontal jdane. 

The h<»rizontal [irojections ol ti exterior and interior cir- 
(dcs of the u]>per end arci the two t- aicent ric ('[!!])>os u/'bf.^ and 
a'rb’i! ; tlio^c of rlie lower end the two ellip-iN 
vddal and that of the ;i\is the liiu' o—g). 

If we construct tiie, circular ring of the iippiu’ hasi* fid. 
XII. Fig. li'h), and imagine ])ian(‘s of s(‘ction ><> parsed 
tln'oiiiJi the :l\i^ (»i tin* (*\liiider as to di\ide it into eight 
eipiai ] tarts, these ] Fines will cut tlm ling of the upjier end 
in lines, as /• — //g q — Xc., drawn through the cimlre o of 
the exterior and inlei ior circles ; aicl tlie ring of tin* lower 
end also in correbp< aiding liius. The .same plaiK's will ent 
froni the ex.''i‘ior sui i.-x-e <tf the ^id(‘s coriesponding elements, 
which will he \erticall\ projecti'd in the linesg>' — m ' — //, 
of the exterior, Jind the lines q' — q'\ r — r\ i^c., of the 
intei’ior siiihai'C. The ('ori‘(‘s[)onding hoj ' ait.al [>rojt‘ctiuii8 
of the^e lilies are- oi — //, r’ — r'" . vV'-, 

Prob. l<hh (Id. XI L Fig. llJa.) 7F const rort the. qwojec- 
tiv/iS (f the Jiotlow cylinder^ as in the last prooicfa., the axis 
reniainiiHjthe same with respect to the hori^ oftal^ but oblique 
to the vertical plane. 

This ease is the same, in all material respects, as in ProK 
98. Fig. 119. The horizontal jwojeetion will be the same as 
in the last ease; and tlie vertical pngeefion also wdll be deter- 
mined, from the vertical projcetioii in the last ease, in the 
same manner as in Prob. 98. Fig. Il9. 

Prob. 104. (PI, Xn. Fig. 12G.) To construct the projec- 
tions of a hollow hemisgdiere., resting on the horizontal plant 
Q,nd in front of the vertical / the gdane of section of ikt 
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henni^here leimj j^erpendlcular to the verfrcal j^Iane, hut 
oblique to the ho'risontffl j^looe. 

Let rtWV' }>e tlip vortictul projoctioii of the cxtorinr siiiTiiccMif 
the honilRphere ; (i''d''c that of the interior surface ; and the 
point ^/, Avlicre the exterior scinieirclc toiiclu's tlic i^n-ound 
line, the vertical })rojection of the point on \vhii',h tin' luiiiii- 
Bpliere rests. Let the line n' — e', he the trace of the plane of 
Beetion, wliieh forms the top of tlie hemisphere, and which ia 
perpendicular to the vertical, and ohli(pie to the horizontal 
plane. This ])lane of section (Mits from the hollow s])lu‘re a 
circular rinijr, tin* breadth of which is the same as tin; distance 
a' — a'\ l)etween the two semicircles ; and the centi'e of which 
is vertically projected in o'. 

Assuming the horizontal projection of the c,entre, e, at any 
convenient distance from the ground line, the diameter of the 
exterior cinde of the top ring, j>rojccted vertically in (i'o'c\ 
will be horizontally projected in the line aoc. ]>arall(;l to the 
ground line; and the diameter vertically proj(‘c-ted in o' will 
be projec.ted in tlu' line m — n., drawn through o, per])endicu- 
lar to a — cy and as this diameter is ]nirallel to the horizontal 
plane, it will he ])rojected on it into a line (^qual to a — 6*', the 
diameter of the ring. The exterior circhi of the ring will 
therefore he projected into an ellipse, of which the lines 
a — 6*, and w. — )i are the axes. In like manner, the interior 
circle will be projected into an ellipse of which the line 
a — c', the horizontal projection of a" — c'\ is the conjugate^ 
and Vi' — v\ e(pial to <liamcter of the interior ci»'cle of the 
ring, is the transverse axis. 

The ]K)rtion of the surface of the hemisphere on the right, 
exterior to the ring, is ])rojected in the semicircle 'vfiuj the 
point yM)eing the vertical ju-ojection corresponding to y'in 
h(‘rizontal projection. 

Prol>. 105. (PI. XII. Fig. 127.) To jirojevt the hemi- 
t^yhere^ as- in the UiH m.sr, the plane of section reJalninrj the 
9a7ne ineli nation to the horhontahhnt beinq oblique to the 
vef'iieat plane. 

As th(‘ hemisphere has not changed its position with reR[>cct 
to the horizontal plane, its horizontal projection will be the 
Bamo as in the last case. 
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The vertical projection will be foniul, in similar casee 
preceding, bj finding the vertical projections the points 
corrcBpcTiding to the horizontal projections in the now posi- 
tkns, which Avill be at the same height above the ground line 
ill the new as in the prece<ling position. 

The exterior surface of the hemisphere will l)e projected 
on the vertical ])lane in the semicircle \ of which o' is 
the centre, and o' — p' the radius. 

The horizontal projection of the diameter, coi-resj>oiiding tc 
g' — h'j is the line f/— A, parallel to the ground line. 


Intersections of the preceding Surfaces. 

The manner of finding the projecti(Uis of the lines cait from 
surfaces bv planes of section, as well as the true (linnuisiona 
of these sections, has already been shown (ybo/Av. SS, 
but in machinery, as well as in other industrial objects, the 
i. curved portions are, for the most part, eitlnu* st)me one of the 
preceding surfac.es of revolution, or else cylimlrical, or c'oni- 
cal 8urfa(;es, which do not belong to this class: and as these 
Buifaces are frecpiently so combined as to meet, or intersect 
each otlier, !t is very ini])orlant to know how to tind tlie pro- 
jections of these lines of meeting, or intersection; and, in 
sonic cases, even tlic true dimensions of these lines. The 
object then of this section will be to gi\( /ine of the more 
usual c.ases under this head. 

rroh. KHi. (PL XI. Fig. 1:^L) To const *'oc.t the 2'>rojeG'‘ 
tions of the lines of intersection of Vico circular right cylin- 
ders.^ the axis of the one being pergiendicnlai *o the horizontal 
plane, and of the other parallel both to the certical and horir 
zontal plane. 

In examining the lines in which any two surfaces, whether 
plane or curved, meet, it will be setm, as in the cases of 
Pr<l)s. SS, Ikc... if the two surfaces are imm’seetted ))y any 
Tilane of section, through a point of tlieirline of meeting, that 
thi> plane will cut from each surface a line; and that the 
lin(‘<, thus cut from them, will meet on tlie line of intersection 
-)[ the surfaces, at the point through which the plane of 
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Bectioii is passed. From this, it will also be seen that, iifi 
order to find the line of intersection of two surfaces, they 
must be intersected by ])lanes in such a way as to cut lines 
out of tlie respective surfaces that will meet ; and the points 
of meeting of the lines, thus found, being joined, will give 
the lines of meeting of the surfaces. To apply this to the 
problem now to be solve<l, let ns imagine the surfaces of the 
two cylindcj-s to be cut by ])lanes of section which will cut 
right line elements from (“iicb, the points of meeting of these 
elements, in each plane of section, will be ]»oints of the 
re(piir('d line of meeting of the two surfaces. 

Let the circle alfol be tin* horizontal jirojection, and the 
rec.tangle (t'AVbi' the vertical })rojeclion <»f the c\ lindm- per- 
])endicular to the horiz<»ntal j>lun(‘ ; the ]n)int o, jind line 
(/ — j/ being the ju’ojections of its a\is. Lei the rectangles 
be the projections of th(‘ otlier c\linder, 
the lines r —s and (/ — // being the projections of ii> axi-^. 

In these positions of the two cylinder.^, tli(^ veili<':il '»ne 
inters(H*.ls the horizontal (»ne on its lower and upper sides ; ' 
and the two curves of intersection wdl be (‘vi<lcn!ly in all 
respects the same. Moreover, as these curves are on the sur- 
face of the vertical cylinder, they will be ])rojected oit the 
horizontal phnio in the circle iti which tlie snidace cd 

the cylinder is })rojectcd. The only lines then to be deter- 
niinetl ai’e the vorti('al projcctlotis of the curve's. To do this, 
according to the ])receding ex])lanation, let us imagine the 
two cylinders cut by vertical planes of section, })arallel to the 
vertical i>lauG of projection. 

Let the line t — v-, for cxam])le, parallel to the gro\iTul line, 
be tlie trace of o r of these planes. This ])lane will cut from 
the vertical cylinder two eleinents, whicdi will be hoi-izontally 
projected in the points //?- and n, where this trace cuts the 
(iivle, and vertically in the two lines m' — x\ and ii — 2', 
The same plane will cut from the horizontal cylinder two 
elements, which will both be projected horizontalh in the 
trac.e t — ?/, and vertically in the two lines f' — u.\ and /" — 
each at the same distance from the line </ — h ! ; the one above, 
the other below this line. To find the distance, let a circle 
e'u"h'\ tfcc., be described, having its centre r\ on the line 
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r — 8 prolonged, and with a radius equal to a—h, that of the 
base of the horizontal cylinder. This circle may be regarded 
as the projection of the horizontal cylinder on a vertical 
plane, taken per])endiciilar to the axis of the cylinder. In 
this position of the plane and cylinder, the elements of tlie 
<;ylinder will be projected into the circumference e \ vkc.., 
of the circle; and its axis into the point /■', the centre ol the 
circle. The two elements cut from the c\linder, by the plane 
of which t — u is the trace, for example, will be })rojected in 
the }>oints and u / eacli at tiie equal (.listanceh o — 
and 7 / — from the liorizontal <liametcr e ' — //'\ of this cir- 
cle. Drawing the lines i ' — v', aiul i" — a \ at the same dis- 
taiK'c from (j — // a.s the ]H>in1s //' and ai’e above and below 
the horizontal diameter e' — A", th(‘y will be the ])n»je(aions - n 
the j>j‘iiniti\e vertical plane of the stime ehmients, of which 
u and n'' .are llu; projections on the \ertical ])lane ]>('rpendi- 
cular to the axis. The four ]Hhnls a*', a/, and .r", a;", in whic.h 
the I'lies t' — \i\ and i " — cut lh(‘. lines — .//, and — z' 
will he the ju-ojoctions of four ]>oints of the curves in which 
the cylinders iuterseet. In like manner, tho veitieal ])rojee- 
tioiis of as many points of the curves, in which tluj eylinders 
int(fseef aliove and Ixdow the axis of the horizontal cylindm*, 
may he found, as will he requisite to eiiahh; us to draw the 
outlines of their ])rojection8. 

Tiie }M)rtlons of the curves, drawn in full lines, lie in front 
of the two cylinders; the portions in dor il lines, lie on the 
other side of the cylinders. 

The liighest ]ioints d, and c of ti. ^ lower cr-ve will lie on 
the elements of the vertical cylinder, ])rojectcd in the points 
dj and c. The lowest points y, y of the same will lie on the 
lowest element of the horizontal cylinder, projected in r — s. 
The corrcs])onding points ('f the upper curve will hold a 
reverse position to those of the lower. 

Prob. 107 . (PI. XIII. Fig. 129.) To construct the pro- 
jectiomofthe curves of intersection of two right cylinders^ 
one of which is verticaly and the other inclined to the hori- 
zontal plam, the axes of both being parallel to the vertical 
plane, 

liCt the trapezoid aPk'o' be the vertical projection of the 



12S 


UfDl'BTKlAJL DRAWING. 


vertical, and the rectangle €f\jh‘ tliat of the inclined cylin 
d< 3 r. The horizontal pr<‘jc(*,tion of the first will he the cii'cle 
adhc j that of the second fliJmtn ^ tlie two ends of tJie 
Beeond heing projected into the two ecpial ellipses fUm^ and 
gihn, 

Intersectinpj these cylinders, as in Proh. lOG, by plane'i 
parallel to the vertical ])lane ; any such plane, as the one of 
which t — for cxarn])lc, is the trace, will cut, from the 
inclined cylinder, two elements, projected horizontally in 
t — u, and vertically in the two lines t' — ii and — u’\ paral- 
lel to the vertical projection /*' — s' of the axis ; it will also cut 
from the vertical cylinder the two elements ///, in ' — ?/?", and 
n, n — n'\ the }>oints .r, a*, and a/, x\ whej-e those ])rojectiong 
cross each other, will he points in th(‘ required projection. A 
Buflicient number of like ])oints being obtaiiuid, the curve 
traced through them will be the re(juire<l vertical ])rojection. 
Ab this curve lies on the surface of the veitical cylinder, its 
horizontal projection will ]>e the circle adhe. 

Proh. 108. (PI. XII 1. Fig. 13(>.) Ta find ihe eu,rres of 
intersection of the Uoo surfaces^ ns In lJ:e Inst case., when 1/u 
cylinders a7'e placed with (he axis nf the inclined cylindei 
obliyue to the cert leal plane. 

In this new position, the points of the surfac.es retaininj* 
their original height above the horizimlal jdamj, tlie new ver 
tical jU'ojections of all the ]>ointt- will be at the same distances 
above the ground line as in the )>rece<ling laise. llaviiiiz 
therefore drawn the new horizontal projection, whicli will be 
the same as in the former cas(‘, e\c(‘pt the change (>f its posi 
tion to the ground line, the vertical ])r<>jections will be deter 
mined as in Prohs. 08, Ac. 

The circles of the ends of the inclined cylinder, being, in 
this cas(*, oblique to the vertical })!ane, will be projected on 
it in equal cllijises; the axes of which curves are found lih in 
Prohs. 04, Ac. 

Jn this position of the cylinders, the projections of the ele 
ments, cut from the inclined cylinder by the vertical ])lanes, 
as the one of which t — u is the liorizontal ti ac.e, can be ob- 
tained, as in the ])reccding cases. 

Proh. 109. (FI. Xlll. Fig. 181.) To constrnct the projec 
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tions of the curved of intersection of a right cone and right 
cylinder^ the axis of the cone l)eing vertical^ that of the cglin 
der horizontal andgyarallel to the vertical gdane. 

Lot abed be the circle of the base of the cone, iind o the 
projection of its axis ; a!o'h' the vertical j)rojection of tlie 
cone, and d—g) that of its axis. Tiie rectangles ifgh and 
rss"r'\ the p,rojectioiiB of the cylinder. 

If we intersect these surfaces by liorizontal planes, any 
such plane, as tlie one of which t — u is the vertical ti*ace, 
will cut from the cylinder two elements, of which / — a 
is the vertical ])rojection, and from the cone a circle •>[ 
which m — n is the vertical j)roj(‘ction ; the projections of 
the points, in which the elements of the (cylinder cut the 
circumference of the circle on the cone, will be points in the 
required projections of the curves. The circle cut from the 
cone will be the one the radius of which, o — Is (;qiial 
to (/ — rn. To find the corresj)ondin^ horizontal proj(utions 
of the two elements cut from the cylinder, first on the pi'o- 
Jon^ation oi f — g\ describe a circle s'lif', iVrc. (PI. XIll. 
Fi<;. with a radius s" — g '\ equal to that of the end of the 
c\ Under, this circle may be rei^arded as the projection of the 
cylinder, on a vertical })lane ])erpcndi(aihir to the axis ol the 
c\linder; the twa.) elements, cut from the cylind(*r by the 
])lane of which t — at is the trace, will be ])rojccted in tlie 
}uHnts and at equal distances /— c' and i — v/' from the 
vertical diameter s"—f' of the circle. T’ two (hnnents 
will be ])rojected on the horizontal ])hine in the tw'o liniis 
t — //., at the equal distances /— P, . —e" from the lun-izontal 
}»rojcction 'n — s of the axis. The ]>oiiits //, y and a*, i/*, wliere 
tlie.^e lines cut the drcumference of the drcle o — will l>e 
the projections of four ]K)ints of tin* curve ; the points f and 
x' are the correspond ini^ vertical projections. 

In the positions here chosen h»r the two surfai-es, the 
cylinder fit>, as it were, into a notch (‘iit inf<» tlie cone. Tle^ 
ed<:;es (d‘ this notch, on the sorface of tlie c<.ne, are projecte 'i 
vertically into tlu^ ('urvilinear qaadi i!ao*ral d' d e" v d' e ; die 
points /'heini^- the hi^hef't, and tin* lowi'-^t of t!ie upy«‘i 
ed^e;*lhose d' lu'ini; the lowa*^t and c" tin* hiiJsc^'t of the 
lower edi;e. 
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Fig. 132 represents the projections of the surfaces on a side 
vertical plane per])endicular to the axis of the cylinder. 

The projections of the same curves, wlicu the axis of the 
cylinder is ])laced ol)li(picly to the vertical ])lane, are obtained 
by tlie same i>rocesses as in the like cases of preceding 
j)r< >bleiHs. 

lleniarJcs. When the cylinders, in the pre(‘eding Probs,^ 
have the same diameters, an<l theii’ axes inters(‘(‘t, tiie curves 
of intersection of the surfaces will be ellip^(‘s, and will be 
projected on the Acrtical plane into right lin(■^, when the 
axes are ]iarallel to this plane. In like manner, in the iiiter- 
Bcction of the cone and c\liudei\ the curves of intersection (d’ 
the two surfaces will be ellIp^c^, when the axes of the two 
surfaces intersect, and when the j)osilioii <>[ the c\linde]' is 
such, that tlie circle, into which it ])rojected on liu^ vertical 
plane perpendicular to its axis, is tangent li) the tN\o elements 
that limit (lie j)roje('tion of tin? cone on the sanu^ j>lane. In 
these positions of the two surfaces, il their axe^ are jairallel 
to the vertical jdane, their curves of intersection aUo will be 
projected into right lines. 

Proh. 110. ("Pi. XI 11. Fig 138.) To cmnv/'/'ur/ iju' 
jeefious of the eurre <f Inlcruection (f <i eircdhtr (o/l mder 
and he//iif<j)here<f the oxis of the cijUndei' bennj ceriovJ. 

Let the circle odhc be the horizontal, and the rectangle 
a'h'z'x the veriical ])rojection of the cylinder; j)^ audjr>' — y' 
the projections of its axis. 

Let the semicircles be the horizontal, and (j'h'i' the 
vertical projections of the front half of the hemisphei'e, being 
tliat portion alone which the cylinder enters; o and o’ the 
projections of its centre. 

Any liorizontal plane will cut from the quarter of the 
Bpherc, thus projected, a semicircle, and from the cylinder a 
circle ; and if. the plane is so taken that the semicircle and 
circle, cut from the two surfaces, intersect, the }>oint or ])oints, 
in wliich these two curves intersect, will be points in tlie 
intersection of the two surfaces J..et m — n be the vertical 
trace of such a horizontal plane ; it will cut from the s])heri(;al 
surface a semicircle projected x^ertically in in — ti, and hori- 
zontally in the semicircle mxyn^ the diameter of which is 
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equal to m — n. This semicircle cuts the circle adhc^ which 
is the horizontal projection of the one cut by the same plana 
from the cylinder, in the two points rr and //, which are the 
horizontal i)rojections of the two points required; their vertical 
proj(‘etions are at and y\ on tlie line ')ii — -/o Ily a like con- 
fitriictioii, any required number of points may be found. 

The liii^liest point of the ])rojection ot the requii'ed curye 
will evidently, in this case, be on that element of the cylinder 
whicli is fai’thest from the eentre of the hemisphere; and 
the lowest point on the element Tiearest to the same point, 
Drawini^ a line, from the projeetion o of the eentre of llie 
hemisphej-e, throuii;]! 7>, that of the axis of tlui cylinder, tlie 
points c and where* it euts tlie circle ahnl^ will ij^ive the 
projections of the two elements in que>.tion. The \ej’tieal 
projections of th(‘^e points will therebu-e be fonml at </ and d\ 
on tlic yertical ))roJ(‘etions of the semieireles of wbieh o — e, 
and o — d are the respective radii. 

The curve ti-aeed throuij;h the points c\dd' c\:e., is the 
vertical, and the circle (//Mcthc horizontal [>r»>je(',tion required. 

Pi'oJk 111. (j'l. xiii.ri -- To const r (let the pro- 

jcci'ions of the cur res of Intcrmxi ion o/ n rijht circnUhr cone 
and sj>hf re. 

The j)roeesses followed, in this prohlem, are in all res})Cet 8 
the same as in the one ])reeedinu;. Any hoi’izoiital jilanewill 
cut from the two surfaces circle^ and the ])oints in which 
tlie two ciredes intcrhcc.t will he points oi -.ic »’e»pii)’cd curve. 

Let yhdr and (fh'i'J/ be the J•M)jc■'tions of the sphe»-e ; o and 
o' those of its centre; oyhe and a the [)r<>j..iel'{)ns of the 
cone ; and o' — -j>' those of its axis. 

Let 7n' — n' he the vertical trace of a liorizontal plane. This 
•plane will cut from the sphere a (unde of wliieh m' — u/, and 
7/u‘ny are the projections; and from the cone one of which 
,s.'^ and r.rsy are the projections; the points j; and y in 
horizontal projeetion, and x' and y' the cori’es])ondin<:^ ver- 
tical projections of tlie points where the two (drelcB intersect, 
are projee.tioiis of the points of the required (Mir'’e. In like 
manner, the projections of any number of points may be 
obtained, both in tlie lower and upper curves, in which th# 
cone penetrates the s]diere. 
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Tlio ain'I ]«)\v(*st. in tlie vertical projoctioii oi 

the lower curve, will he on the elements ot* the cone which are 
farthest from and nearest to the centre of the S])hcre. These 
two (‘lenients are the ones in the vertical ])lane containing 
the axis of the cone and the centre of the sphere; and are, 
therefore, ])rojected in the line c — drawn through the 
points 0 and o ; the line o — g being the horizontal projec- 
tion of tlie element nearest the centre; and o — y that of the 
one farthest from it. The plane wliicli contains tliese elenn'iits 
cuts from the sphere a (jinde, the same as (j'h'il:\ and the points 
where the elements cut this circle will he the highest and lowest 
of the two curvi‘s in question. 

To find the relative })(>sitions of the elements cut from the 
cone and of the (drcle cut from the spliere, we will use the 
method explained in 7h‘o//. 95. For this purpose, let us 
revolve the ]>lane, containing the lines in question, and of 
which c — y is the horizontal trace, around the v(‘rtical line 
projected in and which ])asses through tlie eent)‘e of the 
sphere, until the plane is brought })arallel to the scrticai 
]»laue of projection ; in which n(‘w ])osition its trace c — y 
will take the [)osition c — //', turning around the point o. 
In this new jmsition, th(‘ (u’rcle (tontaimid in this ])lane will be 
})roj<‘ctcd in the original cinde (/h'i'l'’ ; the (denumts cut from 
the cone into the lines d " — and h " — </', and tlui points, in 
whi(di the elements cut tin? (dnde, in y’' and d' \ e and d' 
Taking any one of t]ies(‘ points, a,s the one d\ it will be hori- 
zontally projected in its new position, in tlui point 3 ; and, 
when the ])lane is brought ba(dv to its original ])osition, the 
{K)int3will come to.”' / and its viufical ])roje(Ui<in will then be 
at d, the same height above the ground line as tin* ])oint d\ 
The points z' and d are the j)roj(;ctions of the higlu'st ])ointof 
the lower curve, in which the cone penetrate^ llu* splimn'. In 
like manner, the point c", which is the. low(‘st ]ioint of the 
verti(',al projection of the same curve, may ]>e found ; aFothe 
points r ami /', the vertical ]>rojections of the liighest and 
lowest ])!)ints of the iq^per ciirvc. 

The eni‘\es, ti'aced tlirough the horizontal and vei’ticail })ro 
ectio!!'- of ilu' points thus obtained, will be the required 
roj('«*t!oji‘5 of tin* curves. 
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Development of Cylindrical and Conical 8xirfa>cen. 

Cylinders and cones, wlien laid on their sides on a })lane 
surface, touch the surface tliroiighout a right line element. 
If, in this ])Ositiou, a cylinder be rolled o\er upon the ])lane, 
until the eleniciit, along which it toiiclied the ])lane in the 
first position is again brought in (contact with the ])lane, it is 
evident that, in tlius rolling ov<u*, the cylinder would mark 
C)ut on the plane a rectangle, which would be (jxactly ecpial 
in surface to the convex surface ( 1 the cUinder. The base 
of the rectangle being exactly equal in length to the circum- 
ference of the circle of the cylimhu-’s base, and its altitude 
equal to the height of the cylinder, or the length of its 
elements. 

In like manner a cone, laid on its side on a jdane, and 
having its verf(!X confined to the same ]K)in(, if i-olled over on 
the |)lane, until tiie element on which it first rested is 
brought again into (*ontact with the plane, would mark out a 
surface on the ])lane exaiMly equal to i''s convex siirfac.e; and 
this surface would be the sector of a circle, the arc of which 
would be desi'i'ilHHl from the j)oint where the vertex rested, 
with a radius c(jual to tlie element of the cone; the length of 
the arc of the s(‘ctor being equal to the circumference of the 
base of the cone; and the two sides of the sector being the 
same as the cicnient in its first and last })ositioj‘s. 

Now, any points, or lines, that may have occm traced on 
these surfaces in tlnhr primitive .-'ah can be found on their 
developments, and be s(‘ traced, that, if the sir-laces were 
restored to their original state, from the de\elo])ments, these 
lines would occupy upon them the sanuj position as at first. 

The develo])ments of evlinders and cones are chiefly used 
in ]n’actical ajiplications, t(» mark out upon objects, having 
cylindri(*al or conical surfaces, line's which have been ob- 
tained from drawings rejU'c^cnl ing the d(‘vcb>]ieel suiTaces of 
tlie object. 

Droh. llL^ (Tl. XL Kig. inf).) To dcreloj) the surface 
of a right ef inder ; and /c obtain^ on the de>^C<q)ed rnrface,^ 
the curved line ent from the cy/imlrical stuff- <• hy a plant 
obliqtie to the a^vis nf /hr eiflind-er. 
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Taming to Proh. 88, Fig. Ill, wliicli is the same as I ie 
one of which the development is here required. Draw a rigat 
line, on which set off a length a — a, equal to the circumfer- 
ence ahed of the cvlin(]er‘’s base ; tliroiigh the points con- 
struct per])cndiculars to a — a, on which sot off the distances 
equal to the altitude x ' — a' of the cylinder; jnin 
a ' — a'; tlic rectangle is the entire develo])cd convex 

surface of the cylinder. Coniincncing at the point rt, on the 
left, next set otf the di^anees a — — c, c — etc., rcs[)cc- 
tively equal to the corres]>ouding portions of the circuiufer- 
eiice vtc. ; and, at these points, construct porpendicu- 
lai-8 to a — a. To find the devclo})C(l position of the curve 
jmqected verticailly in the points itc. ; on llu; j) 0 ]pen- 

dicuhirs at u, set off the two distanciN (f — //?., o(]ual (‘ach to 
x' — niy on the projection of the cylinder; .at <' and /, the dis- 
Pinces e — 6*, and/— s, each equal to ^ -s* on th(‘ ])roj(‘('!ioTi (.f 
the c/inder, etc. ; and so on for the (»(her p<»ints. Through 
the })oints m.yn), etc., on the dcvchqmient, tiw'C a curve; 
this will he the develojmd c.urve rcipiiiaMl. 

To show the jmictic.al a])plication of this pi'ohleni, let ijs 
suppose we have a cyliiuhn’ of any solid material, on the 
surface of which we wish to mark out the line that an ohliqiu' 
plane W(Mdd cut from it. We would tiist mak(i a drawing 
of the inteiveclion of the cylimler and jdane, as in Proh. 
either on the same scale .as the giv(m solid, or on a pn^por- 
tional scale ; ami tlien the developmimt of tlu' cniaun If the 
drawing is on the same scale as the model, llu^ di'vitlopnumt 
may he (lraw7i at once on thi<dv paper, or thin ]ia>tel)i)ard ; 
and the ])aper he very accurately cut off along the dt‘V(do})ed 
curve. Then wrapping this p(U-tion around the solid, so us 
to bring the line a — a to coincide with its base, and the 
two edges (i — a' to meet accurately, the curve may he accu- 
rately traced by moving any sliaiq) ])ointed instrument care- 
fully along the up])er curved edge of the ])aper. 

Proh. IDl (PI. XL, Fig. 13h.) Po develoj) the sur- 
face of a Tvjht cone^ and that of the rurne cutftuaa the sur^ 
face by a jdune oblique to the axis of the cone. 

Turning to Prob. 89 (Fig. 112), take the distance o' — a\ the 
length of the element, and from the j)oint o' (Fig. 130) 
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desc^Toe an arc. Coinrnenciiig at any point, a, of this arc, 
get off along it a length, a — a, equal to the circiiinfereiico 
dchf oi the cone's base ; next set off on this arc the distances 
a — <?, e — &c., respectively equal to those a — <fec., 
of the cone’s base; and through them draw the radii o ' — 
<fec. The sector, thus obtained, will be the developed sui 
face of the cone ; and the radii on it the positions of the 
elements drawn, from the vertex, to the points a, 
the circumference of the base, which pass through the points 
r', the vertical projections of the curve. The distances 
o' — m' and o ' — ^‘hfroni the vertex tu llic [)oints projected in in' 
and .s*', arc projected in their true lenglhs ; setting these off, 
therefore, on the radii o' — a and o' — b from o' to m' and y', 
we obtain three points of the developed cur\c. To obtain 
the true length of the portion of the clemenls drawn from 
the vertex to the ]>oints [)rojected in /*'/ draw, tliroiigh /, 
the line x — y parallel to a' — b' ; then o' — x will be this re- 
quired length. Setting this length off, along the radii drawn 
through c and r/, from o' to ?•', we obtain the points correspond- 
ing to those of which r' is the projection. The curve m'n'r'n'^ 
ti-aced through these points, will be the developed curve 
n squired. 
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cnArTi:r. viii. 

MIADOW^. 

In fiiuliiig tlui slijuiows ol ohjt'cls, tiu; lavf^ of lii'lit Jirc as- 
Burned to he panillel straight liuej? ; allhou^li iho direetioii ol 
]iiav he taken in an\ jiobition, it is eii.^toinarv, as pre- 
viously stated, to assume sueh a din'etioii tliat the ])rojeetious 
bliall make ang'les ol’ 45'^ with tlie ground line. 

The shadow of a dint is w/nre a raij (fl'ajht ihromjJi the 
point j)ie rocs the surf dee receiolmj the shudoto. 

To find the shadow of a |K>int upon either plane ol projec- 
tion, pass through the point a ray of light ; one ])rojeeti<»n of 
the ray will generally meet the ground line hei’oi-e the i>ther;. 
through this point of intersection erect a ])erpendicular to the 
ground line, and where this perpendicular meets the (4hcr 
projection of the ray, will he the shadow ol the point. 

If the horizontal jn-ojeetion of the ray meets GL first, ther: 
the shadow i^ u]K)n F, and upon II if the vertical projection 
meets GL lirst ; if both })rojeetions meet GL at the same 
point that will he the shadow. 

To illustrate, let it he reipiired to tind the shadow of the 
point A (Fig. 1. Fh XXL). IVsing the ray of light ^1// 
through the px)int, we find that tin; vi‘rtical ]»rojeetion of the 
ray meets the ground line first, showing that the shadow is 
upon 11; drawing a perpendicular at h' we g(4, b as the 
Bhadow. If a had been nearer the ground line than a' the 
shadow would have been upon F. 

To obtain the shadow of a right line, find the shadows of 
any two points, and join. 

To obtain the shadow of a curved line, join the shadows ol 
a number of its points. 

The shadow of a solid is obtaiiu'd by finding the shadowi 
of those edges, or lines of the surface, whieJi cast shadows. 
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Proh. 1. 1^1*1. XXL Fii^. 2.) Tujhtd ihi .dot'ioic of a cube. 
Thu edges wliieli c.ast shadows are uc — it\Je — c'a\ 

/- — o'd . ddie shadow id’ the iii’nl imif't eoinniciiee at a, where 
the line pierces 77/ t;hl.'< point with the sliadow of 

A (</, d'), we lia\e tlie shadow of the line a — ab' ; no is the 
bIukIow of (K^ — a y mu of /<’ — da' : and /hi oi f- — cd'. 

Kutiee that on is eipial aiul [parallel to ae — a'^ and in,n to 
fe — da' ; whence we derive the principle that, 

The shad OKI of a rujht line Kj>oa((, plane ii< * qual and jyar- 
allcl to fhelhie^ ‘tnltcn the llyteis pi i nil let to the plane. 

Notice also that ao andyh/< h<>rh v-orrespoiid with the direc- 
tion of the ])rojection of light U]>oi. II j whence the ])rinciple 
that , 

TJte shadow <f a rUjht line tqyon a 2>hin<.\ to which It is jjn'- 
2 >cndlcalat\ has the same dlrevtlo/i as Ike jn'ojeclloii (f light 
upon that plane. 

/t( marl'. In drawing these pro])lenis the shadows might 
he inadi' with ]>arallel lines, or with a Hat tint (d India ink. 

Proh. 2 (PI. XXL Fig. 3.) To Jlnd the shadoK) of the 
frastom of a square /tgramld. 1' nd, iirst, the sha<low of the 
vertex. VB, and p/V are the edges of the pvraiuid which cast 
shadow^, and Ise and s.e aie the shadows of those edges. To 
find the sl 'uhiw of the ]ioint E it i.ssnfllcient to draw the hori- 
zontal projection of the ray throngli e until it meets bx at t q 
or it might he found in the regular way ; ilt is the shadow of 
he — h'd ! the shadow of Jn> — h'o' is a ]). railel through 7, the 
intersection of this with sx (•(>ni]>letes the reipiir'^l shadow, 

Prob. 8. (PI. XXL Fig. 4.) 1 > pnd the s/nidiae of a short 
hexagonal prism. The edges whici* east shad )ws are e — do\ 
he — //e', hd — b\‘\ dt — df\ e — fh'^ ae — h'/d^ if — h'k'^ and 
cf- — h'd ‘ thi‘se are all right lines, and (he construction of 
their shadows is evident from the figure. 

Find the shadow Avhen the j)rism rests with one of its faces 
in the horizontal plane, and the bases parallel to P. 

Prob. 4. (1-1. XXL Fig. 5.) To find the shadow of a ver- 
tic<d cijllnder. To determine the hues of the convex surface 
which cast shadows, pass vertical pi an of rays tangent to the 
cylinder; en and tl are their traces ; these are tangent to the 
cylinder along the elements e — do', t — fd^ the lines of the 
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iurface which cast shadows ; these are called elements^ or line^ 
of shade. On the upper base that part of the circle to the 
right, and between t and casts a shadow. 

The eleiiiciits of shade cast llie shadows emi and tlV, 

To find the shadow of the circle, assume points P, TT, 
and find their shadows u\ m', x . 

Assume a short cylinder in a position similar to that of the 
prism in Fig. 4, FL KXL, and find its shadow on V, 

Proh. 5. (PL XXI. Fig. 9.) ShadiHO (f a rijllmlrlcal aha 
CHS ujxm an. octagonaL prism. That }>ail of tlu^ lower base 
of the abacus nearest the light casts the shadow; todcterniine 
how much of it casts the shadow, pass vertical planer of rays 
tangent to the prism, az and xhv. are their traces ; these planes 
intersect the lower base in the points a and w ; that part of 
the circle between these j)oints will caist the shadow. 

To find the shadow, assume any vertical plane of rays wliohc 
horizontal trace is / this plane intersects the [>i‘isni in the 
verti(jal line t — n't/ j it also intersects the circle in the point 
S ; the shadow of S will be at the int(‘rs(iction (»f the ray 
through S and the line — /P/', whicli gi\es us the [)oint //. 
In the same way other ])oints or the sIuuLav may be found ; 
to find the points where the shadow crosses the edges of the 
prism, proceed in the same way, pa'^sing the planes of ray^ 
throuijh the edges. 

Find the sliadow of a square or hex5ig(uial abacus, u]^on a 
vertical cylinder. 

Proh. 6. (PI. XXI. Fig. 6.) SJnuIotn on inferior of hollow 
senxi-mjlinder. Suppose the cylinder to he vei-tical and cov- 
ered by the board ahed,^ a ' — h' y the leftdiand edge of the 
cylinder, and the lower front edge of the board are the linee 
which cast shadows on the interior. 

The shadow of the edge of the cylinder is found by ]>as8 
ing a plane of rays through it ; this intersects th(‘ cylinder in 
the element /i, li — o^ / K is the shadow of E. The shadow of 
the board is found by assuming points, as /, A, etc., and find- 
ing the.'r shadows in the same way that the shadow of K was 
found. 

Find the shadow on the interior when the board is re- 
ft oved. 
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Frol), 7. (1^1. XXll. Fig 1.) Shadow on steps. Let the 
Btej)B be given as in the ligurc, there being a wall at one end. 
It is required to find, lirst, the shadow of the wall on the 
jBtc])S, and, second, the shadow of the steps upon II and V. 

1st. Shadow of wall on steps. The edges casting shadows 
are a — a'b\ and an — a\ As a — a'b' is perpendicular to the 
top of each step, its shadow upon these surfaces will lie in the 
direction of the projection of light, as ao^ the ])art aj) being 
on the top of the 1st ste]), and on that of the 2d. 

As a — a'b' is parallel to the fi'ont face of each step, its 
shadow upon these faces will be parallel to the line itself ; 
therefore foimd by projecting up from p^ will be its 
shadow upon the front of 2. The shadow of A is at O on 
the top of 2. 

The shadow of an— a' upon the front faces of the steps will 
have the same direction as the projection of light ; while the 
sliadow upon the ii])per faces will be parallel to itself ; cV 
and e'o' are the shadows upon the faces of 3 and 4; do and 
}u\ found by j)rojecting down from c' and e\ are the shadows 
on tlie tops of the same stej)s. 

Remark. In finding the sliadow of A, there can be no 
question as to which surface it falls upon, if we remember 
that both projections of the shadow must lie in the projec- 
tions of the same surface. 

2d. Shado'w of steps on JI and Y. As this problem ])rc- 
seiits no new principles, let the student, uaving first deter- 
mined what edges cast shadows, verify the shadow given 
The shadow on R is not complele i the figure. 

Prob. 8. (PL XXI. Fig. 10.) Shadoiv of framing. (Fig. 
S PL XXIY., shows an isometricai projection of the same 
framing.) It is required to find the shadow of the brace 
upon the horizontal timbers and also upon 11. 

The edges of the brace which cast shadows are cd—dd' and 

de a'd. Assume any point as M on od — dd' and find its 

shadow, Jc^ on the upper face of the horizontal timbers ; in 
this case k is on the plane of the top produced ; dk is the 
shadow of cd — dd' upon the top of the timbers ; a jiarallel 
line through e is tlie shadow of the other edge. 

To obtain the shadow on II, produce the ray through the 



140 


INDUSTRIAL DRAWING. 


point M until it pierces II in i; draw a line through i paral 
lei to dk and it will be the shadow of cd~e'd' upon 11. A 
line through q parallel to it would be the shadow of nc — 
upon 11; it does not show in this case. There is anothei 
shadow shown in the ligure, the construction of which wil 
be evident. 

Construct the shadow of the whole framing upon II and V. 
Prob. 9. (PL XXI. Fig. 8.) Shadoio of timber nslhoj 
upon tho foj) of (I n'niJl. It is j*e<piircd to lind the shadow ol 
the timlxM* u})on the wall, and also the shadow of both iijK)!! V. 

The edges of the timber which cast shadows, whether nj)on 
the wall or upon V, are ao —aUf ah — b — b'ifbo — b'o\ 
oe — o'h\ and e — h'e' . The shadow oJ ae — a'c upon the wall 
commences at )i and v'n' is its shadow ; o'(j is the shadow of 
ab — (id ! (j\d, of b—b'd; the line througii jo' parallel to v'n\ 
is the shadow of bo—b'd upon this face. The line b<t — b' ((' 
also casts a shadow on the top of the wall whieh wall be 
parallel to itself through the })oint /. 

The construction of the shadow on Y, is evident from the^ 
ligure. 

Pvob. 10. (PL XXll. Fig. 2.) Shadov) (f Imluiid tioiber 
upon tri(i)Kjular prism. The relative })ositio:‘ ol the pieces is 
given in the figure, the timber makes an angle ot OO'' with II, 
and is parallel to V. 

Commencing with — afd' which casts the shadow t/.s* ujam 
11, we find tliat this meets the prism at v, which will there- 
fore be one ])oint of the shadow upon the nearest inclined 
face of the prism. To obtain another point, find the shadow 
:)f ad — a'd' ujK)n an an.xiliary horizontal plane through ]>(/ — 
fif; 2>'<f is its vertical trace; e is the shadow of A n])on this 
})lanc, and the line ])arallel to ds^ is the shadow of ad — a'd' 
upon the same plane; this meets y>// in the point n. whicli is 
therefore another point of the shadow of — ahd njum the 
face of the prism ; join o with and we luivc die n^cpiired 
shadow. 

The shadow of the diagonally opposite edge (f—df emi 
be found in the same way, or by drawing fn ])in';dlel to (h 
and nz ]>arallel to vo. Ihirt of the shadow of the timber falle 
on 11 beyond the prism; ab — r// and bo — a'd are the onl)’ 
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remamiiig udgOB of the timber which cast, shadows. There 
will be no dillicult}' in linding these as well as the shadow 
of the prism. 

PruJf. 11. (PL XXIL Pig. 4.) To jh id ihe anjlc udiivfi a 
raf! of IhjIiL nKiken w'ltJi cUluo' iihinc of i)ro)cctlon. Let (d > — 
a'h' be the prnjcM^tions of a r:iv of light. Now if w(‘ consider 
the vertical projecting plane of the ray to be revolved into V, 
the ray would take the position a'h' ; the distaiu'c o' a" beii g 
e(]ual tom, the distance of the point A in IVont of V; the 
angle a'h’<o' is the angle which tin; ray All makes with \^, 
and is equal to d5' 10'. As both projec^tions ot the ray make 
the same angle with the gn :ind line, tlui rji\ must make the 
same angle with II that it does with V. 

Prob. lii. (PI. XXI 1. Fig. d.) JS/iadow on iotcnor . / 
hollow livmUjdoiiw The shadow is cast by the semicircle Arx, 
and it will be obtained by iinding wdiere rays through diller- 
ent points of this semicircle })ierc(; the interior. Sup[>ose 
the hemis])hore projected upon a plane u*//, wdtich is ]>ar:dlel 
to the direction of liglit and perj)endicular to V. To liinl a 
point of the shadow, intersect the ii(miis[)here by a vertic.al 
plane of rays, av ; this cuts the &emicirckw/-?> — o'ev from the 
hemis])here. Since tlie ]dane :r// is ])arallel to the direction 
of light and yierpendicidar to Y, ra\s of light will he pro- 
jected upon it making the same angle with aoj that rays of 
light make w'ith Y ; that is, at an angle of d.P 1(L. Di’aw a 
ray through a’ at sudi an angle, and pr^je ' / its intersection 
with a' d if c j this will be one point of ih<i ^hadow on 
the interior. 

Other ]>oints may ])e found in the same way ; llu^ point o 
is found by using the plane bin. 'Lhe shadw.c commences at 
the points t and .s*, where the projection of a ray would be 
tangent to the circle a^ot. 

RernarJe. The rays ae, b'o\ tfec., are })ai-allel to (i"b' in 
Fig. 4. 

Line of ,duide. Tliis is the line that separates the light 
from the dark part of the surface. It is the line also that 
casts the shadow. This line can often be <letermined by mere 
inspection, as in the ])rece<ling problems, but in some cases 
flj)ecial methods must be resorted to in order to determine it. 
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The method of finding the line of shade upon a vertical 
cylinder has been given in Proh» 4, the elements e — e'o^ and 
t — t'r' being the lines of shade. 

Prob, 13. (PI. XXI., Fig. 7.) To find the line of shade 
ujpon a cone. If a plane of rays be passed tangent to a cone, 
the element along wliich it is tangent, will be the line of 
shade. As e\'ery j)laiie tangent to a cone must contain the 
vertex, a tangent j)lane of rays must contain the ray through 
the vertex, and tlie shadow of the vertex will be a point of 
its trace ; through <?, the shadow of the vertex, draw the line 
ce tangent to the base of the cone ; this is the trace of the 
tangent plane, and ve — e'e is the elenient of contact with 
the cone ; cd is the trace of another plane tangent on the 
other side of the cone; do — d' o' \'a its element of contact. 
The lines ceand (?(/are the shadows of oe — and do — d'o' ^ 
and the space included between them is the shadow of the 
cone. 

Proh. 14. (PI. XXII. Fig. 5.) To find the line of shade 
upo7i a sphere. Only the vertical projection of the sphere is 
used, and the vertical plane is 8a})posed to pass through the 
centre of the sphere. The line of bhade is the circle of con- 
tact of a tangcjit cylinder of rays. 

To find points of this curve, assume planes of rays, perpen- 
dicular to F, whose traces are dw., <fec. ; each of these 
planes -will intersect the spliere in a circle, and the point at 
which a ray is tangent to this circle will be one point of the 
curve (?f shade. Tlie plane zv intersects tlie sphere in a cir- 
cle projected in zv ; revolve this circle about zo until it coin- 
cides with Y ; it will then have the position m'z. To get 
the point at which a ray will be tangent to this circle, it is 
necessary to find the position of a ray when revolved in a 
similar manner to the circle. According to Prob. 11, the re- 
volved position of a ray would make an angle of 35®16' with 
dw. Now, if a line be drawn at this angle and tangent to 
the circle w's, it will give o^ as the point of tangency ; when 
the circle is revolved back to its original position^ o' is pro 
jected at o, and is one point of the curve of shade. 

Other points of the curve of shade can be determined in 
the same way. The curve commences at the points a and 
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where planes of rays, parallel to dw^ would be tangent to the 
sphere. 

To find the point of the sphere which ap])cars the bright- 
est, revolve the circle dw into the position dhw ; fc is the re- 
volved position of a ray passing through the centre ; bisect 
the angle, /6‘2> at m'/ when the circle is revolved back ird falls 
at m, the lightest point 
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CHAPTER IX. 

81IAUING. 

1. llaviiij^^ given previously the metliods for laying flat 
and graduated tints, let us see how, by their use, we may 
bring out the true form of an object. The following rules 
should bo carefully studied and followed : 

1. J^lat tints should be (jiccn to surfaces^ vdien in 
the light ^ and 2 )aralhi to the vertical ^dane ; those 
nearest the ege being lightest, 

11. Flat tints should be given to gdnne surfaces^ when in 
the shade^ and gyarallel to the vertical jdane / those 
nearest the eye being darlccst. 

III. Graduated tints should be given to jdane s^trfaees^ 

when in the light and inclined to the vertical gdane / 
increasing the shade as the surfaces recede from 
the eye ! when two such surfaces incline unequally 
the one on, which the light falls most directly should, 
be lightest, 

IV. Graduated tints should be given to plane surfaces, 

when in the shade, and inclined, to the vertical 
jdane q decreasing the shade as the surfaces recede 
from the eye. 

2. Apjilying these rules to the shading of an hexagonal 
prism (PI. Fig. 11), we iind by J,, that the front face 
should have a flat tint; by 111., that the left-hand faet^ should 
have a graduat(‘d tint, darkest at the left-hand (‘dge ; by IV., 
the righl hand face has also a graduated tint, darkest at the 
left -hand edge. 

i\s th(‘ leil-hand face rec(;ives the light more directly Ilian 
the front la(‘e, the neanvst part of it should he lighter than the 
fi’oiit of the pri'-in. Th(‘ darkest ])art of the hdl-hand fa(‘e 
Bhould hiive about th(^ hame diade as the lightest part of the 
right-liai d face. 
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3. T!ie prccediiijj; rules also apply to the of curved 

surfaces, as the (‘vlinder (PI. I**. Fig. 12). The cleirieut of 
shade a' — h' separates the light from the dark part of the 
cylinder. 

The surface a — 7i by TV. should he darkest at a and grow 
lighter as it a]>proachc8 n. 

The part a—p of the illuminated surface, l)y III. should 
grow liglitor as it approaches^? / the part m—j> l>v III. sliould 
he darkest at m and lightest aty?/ hut hy llic second pai t ol 
III. tliat part of the surface whi^d) receives tlte light most 
directly should be the lightest, vdiich would make c the 
brightest point ; if tlien we take a jjoint, c, lialf w^ay between o 
and />, it w ill give, ap})roxi mutely, the point which wdll appear 
the brightest. 

The surface c — e is brigliUu* than c — p as it receives the 
light more directly ; it is also lighter than a corres])onding 
space to the left of 6%as it is nearer the e\c; so that it is the 
light e^i part of the cylinder. 

4. Upon Figs. 13 and 14, PI. I* are shown in dotted 
lines the positions of the darkest and lightest ])arts of the cone 
and 8])here. The metliod of iinding the lines of shade npcni 
eiich has been given in the chapter on shadows. As it is not 
ne(‘X‘Ssary in ])ractice t<> huaite these lines exactly, the euj 
being a suflicient guide, it wull be wtII to notice that the dai'k 
line va of the cone is a litth; m^arer the right-hand edge than 
the dark line of the cylinder ; while the ligl. cst ]»art, between 
V(‘ and c/y, lias the same ]iositi<)n is Miat of the (wJinder, and 
is detei'mimal in the same* way. 

On the s])hei‘e, the point n of thelijieof shade .sv//?, is a little 
nearer// than the centre of tin* sphere; the line of sha,d(‘ is 
symnu'trical respecting the line h<t^ the direction of light. 
The lightest ])oint m is a little neanu- tluj (‘eiitro than it is to 
b ; it is also /ui tin' line fxK 

In shading these soli<ls, c.oinmcnce at tin* dark line and 
shade ivoth wjus, using lighter tints lor th(‘ I’ghfei- shad' -. 
Tlic (lark line of the sphei'i*. should lx* wid(‘st at n -oid tajx'T 
Ixith w'a\^ t(* p and s ; on the cone it tapers from tlu.* base U 
th(' \e’'te\. 
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CnAPTER X. 

I80METKICAL DRAWING. 

n we take a cube situated as in 6, PI. XXII., and tip 
it up to the left about the point until it takes the position 
shown in Fig. 7, the diagonal all being horizontal, and then 
turn the cube liorizontally, without changing its ]>osition with 
respect to IJ, until it takes the position shown in Fig. S, we 
shall have in the vertical projection of Fig. 8, what is called 
an isometrical projection. 

In the case of the cube it is the ])rojection made U[)on a 
plane ])cr})cndicuhir to a diagonal of the cube. 

The relative position of the eye. the cuix;, and tlie vertical 
plane is shown in Fig. 7, where 7, upon ah' produc(*d, repre- 
sents the ewe (at an infinite distance); av/ is the }>ohiti<>n of 
the vertical jdane; tlie cube is ])laced, as shown by the ]>ro- 
jections, so that the diagonal ah — ali' is pai’allel to 11 and 
perpendicular to or Y. 

Looking at this isometrical ]>roj(icti<)n of the cube we see 
that the three visible faces of the cube a]>pear e(pial, and that 
all tlie sides of these faces are eipial; this sliows that these 
faces are similarly situated respecting Y, and that their sides, 
or the edges of the cube^ are ecpially inclined to Y. It will 
also be noticed that the isometrical ])rojec,tion of the cube 
can be inscribed in a circle, as the outer edges form a regular 
hexagon. 

The three angles formed by the edges meeting at the cen- 
tre are equal, each being 120^ 

The point a* is called the isometne centre ; the three linei 
passing through the centre being called isomeric axes. 

Any line parallel to one of these axes is called an isometric 
line, while any line not parallel is called a non-iso/netric line. 
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The plane of any two of the axes, or any parallel plane, U 
called an isoinetric plane. 

The two axes a'h' and a'd' (Fig. 8, PI. XXII.) and all par- 
allel lines make angles of 30° with a liorizoiilal line. 

It has been seen that the isonietrical projection of a cube 
can be inscribed in a circle ; this i-enders it easy to construct 
an isonietrical drawing of a cube, by inscribing a regular 
hexagon in a circle, whose radius is equal to an edge of the 
cube, and then drawing radii to the alternate angles. While 
this would give an isonietrical projection of a cube, it would 
not be the true projection of the cube whose edge was taken 
as a radius, because the edges ot the cube are inclined to the 
plane of projection, consequently their ])roj(u;tion8 cannot be 
equal to the edges themselves, but wonld be less. 

Let us see how the true isonietrical jirojection of a cube 
may be olitained without making it necessary to construct the 
different projections shown in Figs, d, 7, 8, PI. XXII. 

The only lines of the cube that are projected in their true 
size are the diagonals d'l)\ d'e\ h'e' (Fig. 8, PI. XXII.), of the 
three visible faces. It is evident tint the diagonal dh — d'l/ 
(Fig. 8) is parallel to V ; by looking at Fig. 7, where the rela- 
tive position of the eye, the plane of projection, and the cube 
is showm, it wdll also be evident that 1/e' (c*orre8})onding to 
h'e'y Fig. 8) is ]»arallel to the plane xy (V). 

If now we draw a line al> (Fig. 9, Pi. XXII.), making an 
angle of 45° with dh at the point />, and no c itii intersection 
a with the vertical through c, ah will be the side of a square 
whose diagonal is dh. and would the. ^d'ore be the true length 
of the edge of a cube, the diagonal of any face of which is 
equal to dhj but ch is the isomctrical projection of this edge, 
BO that we have the means of comparing the two and forming 
a scale. 

Divide ah into any number of equal parts and project the 
points of division upon ch^ by lines parallel to ac, and it will 
give the isometrical projection of these distances. To con- 
struct then an isometric scale draw a horizontal line he (Fig. 
10, PI. XXII.) ; draw ha at an angle of 15° with it ; divide 
ha into any number of equal parts and project the points of 
division upon he by lines making an angle of 45° with ha 
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[these projecting lines make an angle of 60® with hc\. The 
distances on he will be the isometric length of the correspond- 
ing distances on ha. 

This scale is only good for isometric lines. 

The diagonals dh^ dm^ hm (Fig. 9) are projected in theii 
true lengtlis ; this would also be true of all lines parallel to 
them. 

As eh is the projection of a line equal to a scale may be 
constructed by projecting any distances, 1, 2, 3, etc., from dh 
to ck’ tliis scale will be good for all lines parallel to c'A, Ao, 
or hn. 

Altlioufirh it is well to understand the construction of these 

O 

scales, they are seldom used in practice, as it is moie conve- 
nient to use a common scale, if necessary, making the isome- 
tric lines equal to their true length. This method, as already 
shown, would make the drawing larger than the true projec. 
tion of (he object, hut there is no objection to this. When 
made in this way it is called an isom-etrical drawuij., to dis- 
tinguish from the 'isomHrioalj>rojecfio)i. 

Tlie advantage of isometrical drawing is that it oilers a 
simple means of showing in one drawing several faces ol an 
object, thus obviating the necessity of a })lau and one or more 
elevations. It is partic.ularly adapted to the re})resentatioi' 
of small objects, in which the principal lines are at right 
angles to each other. 

Dlredlon. of LUjJd. lu isometrical projection the light is 
Bupposed to have the sanu* direction as the line he (Fig. lt>, 
PL XXIII.), the diagonal of the cube, that is, it makes an 
angle of 30° with a horizontal line. 

Li'iKi8 of shade. According to a previous definition these 
are the lines which separate the light from the dark ]>art. In 
the isometrical projection of the cube (Fig. 16, PI. XXIII.) 
the two right-hand faces (front and back) and the bottom are 
in the dark, while the two left-hand faces (froat and back) and 
the top are in the light ; consequently the heavy lines shown 
in the figure are the visible lines of shade. 

Proh. 1. (Fig. 1, PI. XXIII.) To coristruct the isometri- 
eal drawing of a cuhr^ with a Mock upon one face and a 
recess in ancther. Let the edges of the cube be 4" ; the block 
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2'* square and IJ ' thick ; the recess 2" square and 1" deep ; 
both tlie block and tlie recess to be in the centre of the face. 
The drawing of the cube might be made, as previously de- 
scribed, by using a circle with a radius of 4", but a more 
convenient way is to draw the isometric axes, ca, cb, and cv/, 
making each equal to 4", then isometric lines througli the 
extremities will complete the cube. 

After completing the cube, divide the axes into four equal 
parts. To locate the block, draw isometric lines through 1 
and 3, upon cb and od, tlieir intersections will give tlie base of 
the block; through the points of intersection draw isometric 
lines pai’allel to make them 1^" in length, and comuict 
their extremiticis. The recess is similarly located, the depth 
of 1'' can be obtained by projecting from 2 on cither or cb. 

Make the isumetrical drawing of a cube with a square hole 
in each lace, running through the culie. 

l^j‘ob. 2. (Fig. 2, PI. XXllI.) To vondract the iso met n,- 
cal draiohiij of three pieces of timber bolted together. Di'aw 
the axes co^ eh^cd ; make equal toO''; cr 3" ; eoT' \ on 
4^'; do equals ee ; the vertical timber is 5"x8''; the side 
timbers are each let into the vertical timber the same distance. 

The method of constructing the nut and washer is given in 
P rob. 9. 

Make a drawing with the front ^ide timber removed. 

Prob. 3. (Fig. 3, PI. XXllI.) To eonsfract the IstoneT 
ricdl dratoing of a g^ortlon of framhig. The necessary 
dimensions of the parts arc given in Fig. 10, PL XXL The 
edges of the brace being non-isometric lines, it is necessary to 
locate the extremities, which arc in isometric ])lanes, and 
then join; cd and ea are each equal to 28"; the other edges 
are parallel to ad ; de is equal to d'e' (Fig. 10, P. XXL). 

Prob. 4. (Figs. 4, 5, PL XX I IT.) To mahe the uoinetH* 
cal drawing of a circle. In Fig. 4 is shown a circle with an 
inscribed and circumscribed square. If we make an isomo- 
trical drawing of these squares in their relative positions, we 
shall have at once eight points through which the isometric 
circle must pass ; these are the jKu’nts common to the circle 
and squares ; this is shown in Fig. 5, the two figures being 
lettered the same. To locate any point, as v (Fig. 4), draw 
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fwi perpendicular to ad; make am and mv (Fig. 5) equal 
to the same distances on Fig. 4. In this way any point of the 
circle, or any point within the sipiare, can be located. This 
method gives an exact drawing of the circle, the curve beii g 
an ellipse. 

Prob. 5. (Fig. 6, PI. XXIII.) To make an ai)proPtmaie 
constr action of the isometrical drawing of a circle. Con- 
Btruct the isometric square abed ; let d he the centre and dn 
the radius of the arc lur ; b is the centre of the arc the 
radius being the same as before ; 8 and o are the centres of 
the arcs vp and gx ; the points (p arc the centres of 
the sides. 

The curve, as thus constructed, a])])roximates near enough 
to the true curve to answer most purposes. 

Make an ihimietrical drawing of a cube with a cii’clc in- 
Bcribed in each face. 

Prob. G. (Fig. 7, PI. XXIll.) To divide the isometrical 
drawing of a circle into equal parts. 

method. At n, the centre of ab, erect the perpendicular 
Tic', and make it equal to na ; from c as a centre descu'ibc the 
arc mp and divide it into any number of equal ])arts ; draw 
lines through these ])oints from c' and produce them until . 
they meet ab ; join the })oints on ab with c, and the lines 
drawn will divide the isometric arc into tlic same number of 
parts that mp contains. 

^2id method. Describe the semicircle det> n])on db a dia- 
meter ; this is the semicircle of which deh is the isometrical 
drawing and is in the position deh would take when revolved 
about c?/i, as an axis, until parallel to V. Divide deh into 
equal parts and project to deh by vertical lines; these will 
divide the isometric curve into a corresponding number of 
parts. 

Prob. 7. (Fig. 8, PI. XXIII.) To make the isometrical 
drawing of a cube^ cylinder^ and sphere. Suppose the sphere 
to rest upon the top of the cylinder, and the cylinder upon 
the cube. 

The diameter of the sphere and cylinder is equal to an 
edge of the cube ; the height of the cylinder is equal to iti 
diameter. 
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First construct a cube and then inscribe a circle in the top 
face ; this is the lower base of the cylinder ; to obtain the 
upper base, construct a second cube resting upon the first, and 
of the same size ; this is shown in the figure by dotted lines. 
Inscribe a circle in tlie top of this second cube and it will be 
the upper base of the cylinder ; ah and cd tangent to each of 
these curves are the extreme elements of tlie cylinder. The 
sphere rests ujion the centre of the upper base; erect a per- 
pendicular at and make it e(pial to half the edge of the 
cube ; from 4 as a centre, with a radius c(pial to de^ describe 
the S})l)cre. 

Proh. 8. (Figs. 9, 10, 11, FI. XXIIL) Isoiaei rlcal dmio- 
ing of hmcJccU fmpgHnpog a -she/f. Xo. 1 of the brackets has 
all of its edges right linos, while Xo. ^ is made up j>artly of arcs 
of circles, wJiose centres ai'o at A and in (Fig. 11). Figs. 10 
and 11 give side elevations of the two brackets, witlx dimen- 
sions. 

The shelf is 28'' wide and 6" tliick ; make the ])rojection 
* so as to show the under side. 

There will be no diificulty in making the drawing of Xo. 1. 

To constriKtt Xo. 2, after drawing hc^ ca^ ae^ ed^ dg, etn^ 
locate A, this is the centre of the isometric squares which 
contain the curves ea and on ^ therefore, draw the isometric 
line A<s* and make it c(pial to ho or he ‘ .s* is the centre of the 
curve cn / st is equal to the thickness of the bracket, and t is 
the centre of the curve through w. Make ht equal to hv and 
t is the centre of the curve oa, , p the centre of the curve 
hnj and tz the centj-e of ga and also oi the curve iLx’ongk x, 

Proh. 9. (Fig, 12, Pi. XXI 1 1.) The hoioet ro:al drwanng 
of a nut arid ivasher. The w'asher is dP' in diatneter and y' 
thick; the nut 2" square and 1" thick; the holt 1" in 
diameter. 

To construct the waslxer, make two isometric squares, ab^ 
cd, i" apart and 3.}" on a side; inscribe in each of these a 
circle and connect by isometric lines at e and A, tangent to 
sach circle. 

Find the centre of the washer and construct the square for 
tl e base of the nut. 

After completing the nut, coiisti uct in the centre of its 
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face an isometric square 1" on a side ; inscribe in this a circle^ 
which will represent the curve of intersection of the boh with 
the nut. In the figure the bolt is supposed to j)roject V from 
the nut; the rest of the construction will be apparent from 
the figure. 

In Fig. 12, the nut is placed so that its edges are xsoinetric 
lines; to make a drawing wlicn the nut is turned so that its 
edges would not be isometric lines, make a ])lan or the nut 
and washer as in Fig. 13, PL XXIIL, and draw thruiigh the 
corners of the nut a square, ahed^ with its sides ]>arallel tc 
the sides of the square which circumscribes the washer. Af- 
ter constructing the washer as before, make in the centre oi 
the washer an isoinetrical drawing of the square, ahed, and 
locate on it the points eho7i / the method of completing will 
be the same as before. 

Make a drawing when the nut is oblique. 

Proh, 10. (Figs. 14 and 15, PI. XXIII.) The isometrical 
drawing of letters. In these letters the position of the iso- 
metric axes is changed, one being placed in a horizontal 
position. The construction of these letters is apparent from 
the figures ; in the letter the curves not being isometric 
circles, will have to be sketched in or drawn with an irregular 
curve. 

Try other letters of the alphabet, as </, oj, o. 

ShoAiows. In isometrical dt'awbig the shmUm of a point 
on any plane surface is at the intersection of the ray through 
the pointy and the projectmi of the ray on the surface. 

We have seen that in isometrical projection rays of light 
make an angle of 30° with a horizontal line. 

Turning to Fig. 16, PI. XXIII., let he^ the diagonal of t])e 
cube, represent a ray of light ; hd is the projection of this 
ray on the top of the cube, and hn the projection on the face 
horns. Thus we see that the position of the pi’ojection of a 
ray of light upon a horizontal plane, as huls, is horizontal, 
while the projection of a ray of light upon a vertical plane, 
as homs^ makes an angle of 60° with a horizontal line. 

Suppose the edge ho produced to a and it is required to 
find the shadow of a ; draw the ray ag at 3C° ; through 
the projection of a upon the plane of the top, draw the hrri- 
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Eontal line hg ; this is the prejection of the ray, aud the 
intersection of this with ag is the shadow of a upon the top 
of the cube. 

Produce the edge hn to c ; the shadow of g is al A, the in- 
tersection of the ray ch with AA, its projection upon the vertical 
face. 

Prdb. 11. (Fig. 16, PL XXIIf.) Tlir ititnrhHncal dmming 
of a cule with its shadow on the horizontal gdane. The 
shadow of s is at t ; trn is the shadow of sni ; w is the shadow 
of d^ and tw the shadow of sd ; ow is the shadow of nd, and 
vs the sliadow of 7is^ the back edge. 

Proh. 12. (Fig. 2, PL XXIV.) The isonietrituil drawing 
of an hexagonal j)rlsm with the .diadow. The prism is rep 
resented standing on II at a distanee xg fnnn V. The edges 
whicli cast shadows are ia^ ah^ bc^ od, dr. Since ia is perpen* 
dieiilar to 11, its shadow upon that plane will hav(i the same 
direction as the projection of light upon II ; the shadow of ia 
falls partly on Y, as at olc^ which is parallel to ia / A, the 
•shadow of is at the intersection of the ray through a^ 
and the vertical through o. In the same way 7/i, /<, the 
shadows of i, c, are found. 

In finding the shadow of the prism upon V. the vertical 
}>rojection of the rays of light have not been used, as they 
were not necessary. 

Proh. 13. (Fig. 3, PL XXIV.) The ixometrical drawing 
of a beam projecting from a vertical loalf with the shadow. 

The construction of the drawing i> evident from the tigure. 
The edges which cast shadows are cn, ab^ bd^ an, Oidy the 
projections of tlie rays are used to find the shadow. To find 
tlie sliadow of a, draw through c*, the vertical projection of a, 
the line ce at an angle of 60° ; through A, the horizontal pro 
jection of a, draw the horizontal line hi ; these two lines ce 
and hi are the projections of the ray through a, and they 
determine e, the sliadow of a. The accuracy of this construc- 
tion can be tested by drawing a ray through a. In the same 
way the points i and k are found. 

Proh. 11 . (Fig. 5, PL XXIV.) 2'he isometrical drawi ig 
of a four -armed crosSy with the shadows. It is required tc 
find the shadow of the cross on H, and also upon itself ; a — 1 
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is the shadow of ae ; 1 — 2 the shadow of gf; 2 — 3 of fh ; 
3 — 4 of li * 4: — 5 of Ini ; 5 — G of he ; 6 — 7 of cn ; 7 — 8 cf 
cq ; the rest of the shadow is cast by edges upon the back, 
Ivliich are not seen. 

The shadows upon the cross are si the sliadow of sh / sm 
of hs / he of hg y Ixj of bn. 

Keeping the same thickness of tlie cross make tlie arms 
longer, and tlicn tind the shadows. 

Prob. 15. (Fig. 1, PI. XXIV.) The {.sometehuLl dnnmng 
of a vertical cglhider g)assing throagh an hcjutgonal blacky 
with the shadows, A plan of the c}liiider and block is shown 
in Fig. 4; the diamet(;r of the cylinder is any edge of 

the block, as be,, is in length; the bbtcF is j"f/' thick. 
First make an isometrical drawing of this ]>laii ; this is diown 
in Fig. IjWith the ])oints numbered and hittered the same. 
At any assumed distance alwjve the plan construct a similar 
tigure ; this gives the top of the block, which (*an readily be 
completed. The method of completing the cylinder will be 
evident from what has preceded. 

^Shadows. Find first the shadow vvhich the block easts 
upon the cylinder. Assume any vertical plane of rays as the 
one whose horizontal trace is e.ry this cuts the 2 ^oint v' 
from the lower edge of the block, and the idimient .o/;' from 
the c\linder; the ray through v' intersects tlu* element at, x' 
one point of the re(]uired shadow. In the same way other 
points, can he found ; kg is the element ol shade found hy 
passing the jdanc of ra}S wg tangent to the cylinder. At 3 
the shadow passes to the bac.k j)art of the c.>linder. 

The method of tinding the shadow which the cylinder easts 
upon the block will be evident from the figure, with what has 
just been shown.^ 

Show how the shadows given on Fig 3, PI. XXIIL, are 
found. 

Determine whether the brace would cast a shadow on the 
top of the horizontal timber or not. 

Find the shadow of the framing upon H. 
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CHAPTER XL 

OBLIQUE PEOJECTION. 

This method of prujcction is simihir to isoinetrical projec- 
tion ill showirii^ tlirec faces of the object, but unlike isometri- 
cal it gives the exact form of one of those. It is called 
obluiue^ because the projecting lines are oblicjiie to V instead 
of being ])erpendicular, as they have been pre\iously. 

It is soinctinies called Parallel Perspective ; it docs not how- 
ever give a true jKirspoctive of the object, but oilers a substi- 
tute, simple in construction, and one as well adapted for rep- 
resenting small objects. 

An oblirpie projection of a cube is given in Fig. 11, PI. 
XXI V.; the face abed has its true form, while the other two 
fa(!es are shown equally, but not in their true shape. The 
edges bh.^ ai^ make an angle of 45^ with a horizontal line, 
and are e([ual to the other edges of the cube. 

Since the face abed is projected in its true form, it must 
be [)arallcl to Y ; if then we suppose the cube ])laced with 
one face parallel to V, it is evident that this })rojcction (Fig 
11) could not be obtained, when the projecting lines are per- 
pendicular to Y ; the square, Z, 'could he the ])rojectlon in 
that case. In order then to obtain iiiis projecti(/ii, the pro- 
jecting lines cannot be perpendicular to Y, but must be 
oblique. 

Xow when a line is perpendicular to a plane, in order that 
the ju’ojection of the line, upon that plane, should be equal to 
the line itself, the projiicting lines must make an angle of 45® 
with the plane. In the case of a line ])aralhd to a plane, its 
projection would be equal to the line, whatever the direction 
of the projecting lines, provided they were parallel. 

Thus we see that if the projecting lines make an angle of 
45® with F, we shall obtain, in the case of the cube, the pro- 
jection shown in Fig. II. 
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Since an infinite number of projecting lines could l)c passed 
through a point, all making the required angle of 45°, it fol- 
lows that the projection of a line might hiiv(' an iuhnite 
number of positions. Thus the edges w, hli^ etc, (Fig. 11), 
could be drawn at any angle, and still give an oblique projec- 
tion of the cube. Fig. 8, PI. XXIV., gives an oblique pro 
jection of the cube, with the edges hh^ c/c., di’awn at an 
angle of 30°; other angles might be used, but tliese two (45° 
and 30°) are most convenient, as thcyari^ lound on the tria - 
gles. 

Oidy those lines that are parallel or perpendicular to V are 
projected in their true size. 

Proh. 1. (Fig. 12, PI. XXIV.) To make the oblique pro- 
jection of a circle. Let abed be the cir<nimscrihed, and hJeen 
the inscribed squares of the circle jnpoq. Construct ab'cd\ 
and hik'd tlie oblique projection of these squai-es, and we 
shall have eight points {m'n'p'do'kiqh') of the oblique pro- 
jection of the circle. The method of fuiding other points will 
readily suggest itself, but the points ali’eady lound will be 
Buflicieiit to enable us to trace the cui ve quite accurately. 
The curve thus found would be an ellipse ; for an approxi- 
mate construction of it by arcs of circles, draw the lines m's 
and qs perpendicular to the sides of the square, their inter 
section, ,v, will give a centre for the curve fh'miy in the same 
way tiie curve fdo' can be drawn as an arc ; for the ends use 
V and w as centres. 

This figure (12) represents the projection of the circle when 
horizontal, as upon the top of the cube. When the cii'cle ia 
parallel to F, or upon the fnmt face of the cube, its projec- 
tion would be an equal circle ; this is shown in Fig. 9, PI. 
XXIV., which is the oblique projection of three-fourths of a 
hollow cylinder, whose axis is perpendicular to F, the ends 
being projected as circles. 

Fig. 6, PI. XXIY., gives an example of the oblique projec- 
tion of the circle when perpendicular to both 11 and F, as 
upon the right-hand face of the cube. 

Construct an oblique projection of a cube with a circle upon 
each of the three visible faces. 

Direction of light. The light is assumed, as in isometrical 
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projection, to have the same direction as the diagonal of the 
cube. The arrow in Fig. 11, PL XXIY., indicates the direc- 
tion of light, corresponding to the direction of the diagonal ae ; 
ah is the projection of this ray {ae) upon tlie top of the cube, 
and ac the projection upon the front face. The method of 
finding shadows is similar to that in isoinetrical pi’ojection. 
The shadow of the cube upon H is shown in Fig. 11 ; if the 
shadow of the cube (Fig. 8, PL XXIY.) was to be found, the 
direction of light would correspond with the direction of its 
diagonal ae. 

Only a few examples of this method of projection are given, 
Bufiicient, however, to show its application. Fig. 7, PL XX 1 V 
represents an irregular block ; it is 4'' long and 1" square on 
the ends, the short lines are 4" in length. Fig. 10, PJ. 
XXIY., is the oblique projection of a mortise and tenon ; the 
under side of the tenon is shown ; notice the position of the 
shade lines on the upper piece. 
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CnAPTER XIL 

LINEAR PERSPECTIVE. 

Linear jicrspective is the representation of the form of an 
object ui)on any plane surfac^e, just as it apjiears to the eye 
when viewin^^ it from any <yiveii i)oint. To use a common il- 
Instratioii : if we should close one eye, and, keeping the other 
at a lixed distance from the window, should trace upon the 
glass the outlines of what could he seen through it, we should 
liave a true perspective of the objects seen. 

Supposing then, the perspective plane to he transparent, 
and always jdaced between the eye and the object, wc see that 
the. ^)enpcGiice of a point is 'ivhere a visual rufj (a line 
drawn from the point to tlu^ eye) pierces the perspedie plane: 
To illustrate, let A (Fig. 1, PI. XXV.) be a point in sjjaia^, 
behind the vertical plane whicdi is used as the ]uuspective 
plane; 6Ms the ]K)sition of the eye, or jxunt of sight; the 
the visual ray CA juerces V at a \ which is the i)erspcctive 
of X. 

It is impossible in practice to draw the visual ray itself, as 
in Fig. 1 ; the point of sight and the point in space are given 
by their projections only, so that it is necessary to use the 
projections of the visual ray to lind the ])ers})ectivo. To do 
this, join the horizontal projection of the ]K)int of sight with 
the horizontal projection of the t>oint, join also the veilical 
iwojections; the two lines thus drawn are the projections of 
the visual ray, and the point in which it ])ierces V is the re- 
(piired perspective. In Figs. 1 and 2, PI. XXY., the visual 
ray ca — c'a' pierces Y at a'’ . Fig. 2 has the same letters and 
nK^asiirements as Fig. 1, and represeiits the same thing, with 
the customary position of the ]daiie8 of projection. 

It will be noticed in Fig. 2, that both projections of the 
point A are above the ground line ; as this has not lia]>pened 
before, a word or two in explanation. Looking at Fig. 1 we 
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Bee that the two intersecting planes of ])iojection fo< four 
dihedral angles ; the one above II and in front of Y, is 
called the 1st ; the i^d is behind V and above II ; the 3d is 
below the 2d, and the Ith below the 1st. The ]>()iiit of sight 
is in the first angle. Mow, all the objects that we liavc pre 
viously considered have been placed in the first angle, and, as 
we have seen, the horizontal j>rojecti()ns are always below the 
ground line, and the vertical above ; but if an object is 
placed in the second angle (as it is in perspective) when the 
vertical plane is revolved back, both projections will appear 
above the ground line, as in Fig. 1, where a' revolves to a' 
The same rules that we have had for determining the ])osi 
tion of a point in space from its ])rojections, bold g<K)d when 
both projections are above the ground line ; the distance ah 
(Figs. 1 and 2) is the distance of from Y, and the distance 
all is the distance of A from II. 

Proh. 1. (Figs. 3, 4, 5, PI. XXV.) 2\> find the, 
tive of right lines in different positions by means of visual 
* 7'ays. 

1st, -folum 2 ><^fp^i^dieular to TI : let a — ab' (Fig. 3) be a 
line per] lend iciilar to II, and at the distance a!/ behind V ; 
ec' is the point of sight. Draw the ray — a of this jiierces 
Y at 6’, the ])ers])ective of the point aa' ; ,/*is the perspective 
of the ])()int al/ • fe is the ])erspectivc of the line a — a'P * 
in the same way is found hg, the persjiective of the line 
d — a'b\ which is parallel to a—o'h' . 

2d, when parallel to IT and Y : let ah — ah' (Fig. 4) be 
the given line, situated in II and ai the distaiice bh' behind 
Y ; the persjiective of the ]>oint aa' is at e ; f\^ the perspec- 
tive of the point bh' ^ whence is the perspective of ah — a'b' * 
hg is the perspective of the line dm — ab'^ which is parallel 
to ab — a'b'. 

3d, when perpeiidicular to V: ab — h' (Fig. 5) is the given 
line, situated in 11, and at the distance bb' from Y ; ^ is its 
perspective; in — 7i' is a line parallel to ab — i'/ hi is its per- 
spective. 

Prob. 2. (Fig. 7, PI. XXY.) To find the perspective of 
a cube when placed with a face parallel to V. Let abid, and 
a! dfe' be the projections of the cube, and cc' the point ol 
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sight. Find first the perspective of the point df^ by drawing 
the i*ay cd — df ^ this gives o as the pers])ective ; the ray 
ca — de* gi\efi r, the pei-spcctive of the point ae j t is the per- 
spective of aa\ and a of dd' ; in the same way ai'e found 
the points^, z, 

P rob, 3. (Fig. 6, PI. XXV.) To find the perspectioe oj 
a cube when jplaced with its faces oblique to V, Let abid^ 
and a'ilie be the projections of the cube ; s is the perspec- 
tive of the point dd' ; o of the point df; r of ae ; t of aa\ 

etc. 

By an examination of Figs. 3, 4, b, 7, PI. XXV., it will be 
seen that the 2 )erHpective of any right Lute is parallel to that 
line when the line is parallel to the per syectice plane. 

It will also be noticed that tlie edges .sy, i^c. (Figs. 

6 and 7), wlien produced, meet at a point ; thi^ called tlie 
vanishing point of these lines, and since the lines op^ sq^ to, 
etc., ai'C the perspectives of })arallel lines, we liave the prin- 
ciple that the perspectives of all j^cirallel lines have a cotn- 
rmn vanishing jwint. 

To fi/nd the)i the vanishing jx/rnt of any tint ^ draw a line 
through the point of sight parallel to the given line, and 
where it pierces the 2 >erspective planv trill he the vanishing 
point of this line, and allparalUl Uttes. In Fig. b, etc — dw' 
is parallel to di — Pif it ])iereesV at wliicJi is tlie vanish- 
ing point of di — d'i', and the (algos parallel to it. The van- 
ishing ])obit of ro, is, rq, etc^., eoidd he found in the same way. 

The vaiiisliing p(»int of paral’el lin(5S, ])arallel to the j>cr- 
Bpective plane, is situated at an infinite distance ; lienee the 
perspec.tives will he pai'allel. 

Til Figs. 5 and 7, PI. XXV., the lines which are })eipen- 
dicular to V vanish at c; when(!e the principle that all lines 
perpendicular to the p>erspective plane vanish in the vertical 
projection of the j)oint of sight / this is called the centre of 
the picture. 

The horizontal line through the centre of the picture is 
called the horizon. 

The vanishing points of all horizontal lines are situated 
•omewhere on the horizon. 
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The point in which a line pierces a plane is called ita 
trace / the trace of a line cn the perspective plane is one 
point of its perspective ; the vanishing point of the line is 
another point of its perspective ; whence, t/ie jperapcciim of a 
right lim joins its vanishing point with its trace. 

It is customary to use the vertical plane as the perspective 
plane, the object being placed in the second angle ; this brings 
the two projections of the object and the perspective to- 
gether, as in Fig. 6, PI. XXV., which is objectionable. Dif- 
ferent methods maybe used to prevent this, but the most 
convenient is by supposing the horizontal j)laiie revolved 
180°, so as to bring the jdan of the object in front of V, 
and then instead of using visual rays, to make use of aux- 
iliary lines called perpendiculars and diagonals, by which 
method the vertical projection of the object is not necessary. 

It is evident that If two lines intersect at a pifini in sjfact , 
their perspectives will intersect in. the perspectice of the 
'point j so that if we ])ass any two lines through a ])oint and 
liiid their perspectives, their intersection will he the ])er8pe<'- 
*tive of the point. 

The two’ lines most convenient to use are a perpendicular 
and a diagonal. 

h. perpendicular is a line perpendicular to the pers})ec-tive 
plane, and van ishes, as we have seen, in the centre of the picture. 

A diagonal is a horizontal line, making an angle of 45° 
with the perspective plane. 

A diagonal being a horizontal line its vanishing point is 
on the horizon, and since it makes \u angle of 45° with V, 
the distance of the vanishing point from the centre of the 
picture is equal to the distance of the point of sight in front 
of V. This is shown in Fig. 3, PI. XXVI., cc' being the point 
of sight, and c'd the honzon; to find the vanishing point C)f 
diagonals draw through cc' the line ch — c'd, parallel to II, 
and making an angle of 45° with V ; it pierces V at d, the 
vanishing point of all diagonals parallel to ch — c'd. It is 
evident that c'd—wh=mc. As diagonals may be drawn 
either to the right or left, there are two vanishing points of 
diagonals, as at d and d, (Fig. 2). 

P?'oh. 4. (Fig. S, PI. XXV.) To co/cstruct the perspective 
11 
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of a Tegular hexagon^ hy meam of diagonals and g)erpen‘ 
diculars. The hcxagen is situated in 11, at the distance nn' 
boliind Y. Tlie hurizuntal plane has been revolved lisO', so 
that the plan of the hexagon comes in front of Y, w'hile the 
horizontal projection of the point of sight at the same time 
revolves to c, behind Y ; c' is the centre of the picture, and 

the vanishing points of diagonals, found hy making c'd and 
c'di equal to cw. 

To find the j^erspective of the j)oint e, draw through it the 
perpendicular ee\ e'e' is its perspective ; also draw through t 
the diagonal € 3 , zdi is its perspective; the point o in which 
these intersect is the perspective of e ; g' and r are tlie traces 
of the perpendicular and diagonal through fd and rd^ are 
their perspectives, and I is the perspective of g / is the per 
spective oif ; s oil) ; hoi a ; and in of n. 

Remark. In Fig. 8 diagonals are drawn in both directions, 
and it is seen that either diagonal with the perpendicular 
gives the perspective, or that two diagonals without the ])er- 
pendicular are sufficient. 

Those diagonals which in plan are drawn to the right, van- 
ish to the left of the centre of the picture, while those drawn 
to the left in plan, vanish to the right of the centre ; this comes 
from having revolved the plan 180°. 

Prob. 5. (Fig. 0, PI. XX Y.) To construct the persjwctlve 
of a jiavement made- up of squares. Let abef represent the 
plan of the pavement, the squares being set with their sides 
diagonally to Y ; c' is the centre of the picture, d and d^ tlie 
vanishing points of diagonals. 

As the sides of the squares are diagonal lines, their ])erspec- 
tives will join their traces and the vanishing points of diago- 
nals; ju’oduce mn to o, od^ is the pcr8})ective of mo ; ad is 
the perspective of ae j the perspectives of the oth(*.r edges are 
similarly found, and their intersections will give the peispec 
tives of the squares ; af and he^ being perpendiculars, vanish 
at c'. 

Prob. 6. (Fig. 1, PI. XXYI.) To find the perspect ive of a 
cube. Let ahih^ a'hf'd be the projections of the cube, which 
is placed with its face parallel to Y, and at the distance ad 
behind Y. 
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The lines ec* 'aiiidf'c' are the indefinite perspectives of the 
lower edges of the cube, which are horizontally projected in 
ah and hi ; draw the diagonals nd^^ and we shall ob- 
tain the points /*, 6>, 3/ at these points erect perpcndiculais 

and limit them by the lines a'd and lie, 

llemarh. In this figure the vertical projection of the cube 
is given, but it evidently is not necessary in order to consli-uct 
the perspective ; it is sufficient to know the height of the cube, 
since perpendiculars and diagonals ])asscd through })oints in 
the up])ei‘ bas(i of the cube would pierce Y somewhere in the 
vertical trace of the plane of the toj), as they are horizontal 
lines, and are in that ])lane. 

Pvob. 7. (Fig. 8, PI. XXYl.) To find the pen<pectlve ofi 
a vertical hexagonal pruni. The prism is placed with one 
face in ; the line iig' is the vertical trace of the plane of 
the top of the prism. First, construct the ]>erspective of the 
lower base according to Proh. 4 ; then c^onstruct the perspec- 
tive of the u}>per base, remembering that tlie traces of the 
perp(mdiculars and diagonals jiasscd tbnnigh points in the 
np])er base, will be in the line n! g' , (Connect the two bases 
by vertical lines to complete the pi Ism. 

Prol). S. (Fig. 0, PI. XXYL) To find the perspective of 
a square jiillar resting upon a pedestal. Let abhe, a'e'ea be 
the projections of the pedestal, pla(‘,ed with its face in V ; 
kijil is the horizontal ]>rojection of the ])illar; kT is the var- 
tical trac(i of the plane of the top of the piln . 

First, construct the perspective of the pcuhii-tal in the same 
way that the ])ersptH!tive of the cube va-- found in Proh. b. 
The face aa'de is its own p(U'S])e(*tive, as it is in V. 

To find the perspective of the j)illar, con.-truct iii'st the }»er- 
bpectiveof the lower base ; draw a perpendicular and diago- 
nal through the point /m', n' and e are the traces of these 
lines, and ii'c and e'd^ their perspective.-^ ; tlndr interhcaUion is 
the persj»ectiv'e of the ])oint Inf ; g' is the Irac.e ot the diago- 
nal through y?, and g'd^ its ])erspective ; the j^'int o in whiidi 
this intersects n'cf is the j)ei’S])ective of the })oint pnf j in the 
same way the remaining points of the ba.se can be found. 

The jKU'spective of the upper l)ase of the ])illar might be 
found in the same way, or by erecting perpendiculars at the 
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four points already found, and limiting them by the lines 
and Vg . 

PtoI), 9. (Fig. 3, PI. XXYI.) To find the j>ersj>€ctive of 
a sqm/re pyramid. Let ahde be the plan of the pyramid ; 
kd is the height of the vertex above the base. Find first the 
perspective of the base ; « is its own perspective, as it is in 
V ; m is the perspective of a ; era the perspective of ea / ej^ 
the perspective of ed^ etc. 

To obtain the pers])ective of the vertex, find o, the perspec- 
tive of its horizontal projection ; at o erect a perpendicular 
until it meets v'dy this gives the perspective of the vertex ; 
joining n with the corners of the base completes the per- 
spective. 

Proh, 10. (Fig. 5, PI. XXVI.) To find the j)erHj>eGtwe 
of a squa/re pyramid resting vpon a jpedestal. Let aheh be 
the plan of the pedestal ; r\o' is the vertical trace of tlie upper 
base; the edge aa^ is in Y and is part of the perspective ; z 
is the perspective of the point W ; x of hh\ etc. 

After completing the perspective of the pedestal, find the 
perspective of the base of the pyramid ; n' o' and 2 >'d are the 
j)er8pectives of a perpendicular and diagonal through n, and 
0 is the perspective of n / in the same way the other corners 
of the base can be found. 

To find the perspective of the vertex, draw through v a 
perpendicular and diagonal ; their traces are v' and p' and 
their perspectives v'd and pd ; s is the perspective of the 
vertex. 

Proh, 11. (Fig. 7, PI. XXYI.) To find the perspective 
of an hexagonal prism^ whose a/xis is parallel to 11 and in- 
dined to Y, 

The prism rests with one face in H ; aekl is the plan ; m'p' 
is the trace upon V of the plane of the upper face of the 
prism ; t'n' is the trace upon V of the horizontal plane which 
contains the edges projected in al and eh ; cc' is the point of 
sight. 

As the edges al^ M, etc., of the prism are parallel lines, and 
are so situated that they pierce Y within the drawing, the 
most convenient way to find their perspectives is by joining 
their traces with their vanishing point. To find the vanish- 



lutbab FEBfiPBcrmrK. 


165 


Ing point, draw cm — parallel to aZ, JA, etc. ; this piercea 
V at tlie vanishing point of the edges of the prism. 

The edge at pierces V at and a'w* is its indefinite per* 
Bpective ; this is limited at z by the diagonal t'd; q' is the 
trace of hh^ when an edge of the iippei- face, and qw' is 
its indelinite perspective; tliis is limited by the diagonals 
m’d and o'd • qw' is the indefinite [)ers})ective of hh, when an 
edge of the lower face, and is limited by the diagonals md and 
od j in the same way the perspective of the other edges can 
be found. The method of completing the perspective of th».* 
pi’ism will be a[)parent. 

Construct the pers})ective when the axis of the prism ia 
parallel to both planes of projection. 

P rob, VI. (Fig. 1, PL XXV 11.) To Jitid the perspective 
of a circle. L(‘t be the cii'cle situated in the horizontal 
plane. Find the ])ei-spcctives (»t' the squares and hnmo ; 
this will give eight points of the perspective of the circle; the 
curve should be tangent to the sides of the circumscribed 
'square at the points xzi/o. 

I* rob. 13. <^Fig. 2, PI. XXVII.) To find the perspective 
of it circle when it is j>erpcndictilar to both 11 and V, Let 
ek and ad/ be the projections of the circle ; ad"a"€" repre- 
sents the circle with inscribed and circumscribed squares 
when revolved about the point al/ into II. 

To find the pers])ective of tlie circumscribed square, draw 
a' d and b^d ; these are the indefinite perspectives of the 
upper and lower edges; draw tin* tliagonals kp and eq., and 
find their perspectives ; at r and I creel perpendiculars, and 
they will be the })erspectives of the verti(*al edges of the 
square. 

The perspective of tue inscribed square can be found in the 
same way ; b'o' is equal to oo" and l/P to oh. 

Proh. 14. (Fig. 5, PI. XXVII.) To find the perspective 
of a vertical cylinder. The cylinder is tangent to V; xy ia 
the vertical trace of the plane of the teqx Construct the per- 
spectives of the two bases by Prob. 12. Vertical lines tan- 
gent to the two curves will be the extreme elements of the 
cylinder. 

Remo/rk. In this problem, and some of the others, the per* 
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Bpecti\e6 appear somewliat unnataral ; tins is owing to the 
point of sight being taken too near the object ; with more 
room this can be remedied. 

Frol. 15. (Fig. 4, FI. XXYII.) To find the perspective 
of a oyll rider whose axis is perperuiicular to Y. Let ahf 
be the cylinder resting upon II. As the ends of the cylinder 
are ])arallcl to Y, their ]uirspective8 will be circles, and it will 
only be ije(!essary to locate their centres and determine the 
length of their radii ; (vV is tlie indclinite perspective of the 
axis of the cylinder ; o'x being c(pial to oh / n'd^ is the per- 
spective of the diagonal through o ; hence r is the perspec- 
tive of the centre of the front end, and ry, the perspective of 
o'x^ is the radius ; w is the centre of the back end, and ws 
the radius ; lines drawn L'oin c tangent to tlicse two circles 
will be the extreme elements of the cylinder. 

The cylinder is rei)rcsenlcd with a square hole running 
tlu’ough it ; the ]>erspective of the liole is left for tlie student 
to consti’uct. 

Construct the ])er8pectivc of a cylinder with a circular hole 
running through it. 

Frob, 10. (Fig. 3, FI. XXYII.) To find the juirspecttvc 
of a I'cctanyitkir hhn'k with a Sfoniclrrular top. The lower 
part of the bloth is square, with a square opeming in it ; the 
top is semicircular with a triangular o]>ening ; bke i‘e[)i-esenlB 
the j)i’ojection of the toj) when revolved about the horizontal 
diameter be of the semicircle until })arallel to II ; cd is the 
centre of the lecture ; d and di the vanishing points of diagt)- 
nals, and also the vanishing ])oints of the edges of the block, 
as it is ])laced diagonally to Y. 

The edge ap is equal to af and since it is in V, it is its own 
perspective ; the indefinite ])crs])ectives of the 

upper and lower edges of the block; using the diagonal ad 
we obtain os as the persjiective (»f the vcj-tical edge, which is 
horizontally ])rojected in /! 

To obtain the [)erspectivc of the ojiening, make al and 
each equal to an ; draw the lines qd^ and J(k ; these are the 
indefinite })erspectives of the top and hothan edges of the 
hole; the sides are obtained by erecting peipendiculurg 
through the points t and r. 
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The completion of the rest of the perspective of the lowei 
part of the block is evident from the figure. 

To construct the perspective of the upper part, makc^Vr'= 
yk ; 2>h' — mh ; po' ^ yv ; draw the lines h'd^^ lid^^ 
where these meet perpendiculars, erected through will 

be points of the perspective ; in the same way other points 
may be found if necessary. The completion of the perspec- 
tive is left for the student 

(yonstruct the pei-spective when the block is placed so toat 
edges will not vanish at d and di. 
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CHAPTER XIII. 

On the Manner of Representing some of the more hsuai 
Principal Aboiiitectukal Elements. 

Roof Truss, This term is applied to the main frames 
placed vei'tically on the top of the walls of a building to sup- 
port tlic roof (covering. 

The most siiiijde form of truss (PL YIIL Fig. 9D) consists 
of a horizontal beam, .1, resting on the walls, termed the tie- 
heaiii ; of two beams, suitably inclined for the intendc^d 
Blo])e of the roof, termed the main rafters ; of a vertical ])ost, 
C\ attached to the tie-beam at its centre, and against which, 
at its top, the rafters rest, termed the king-}H)st^ and two 
inclined pieces, resting against the bottom of the Icing-pod^ 
and at their upper ends against the middle of the rafters, 
teruKid struts^ or hraces. 

In small buildings the king-post and struts are sometimes 
left out; and in some cases the tie-beam also. 

In large trussc^s (PL Ylll. Fig. 100) two vertic^al posts />, 
termed queenposts^ replace the single king-post,; auxiliary) 
rafters^ are placed under the main rafters, and re^t against 
a horizontal beam, F, termed a straining beam, placed above 
the tie-beam. 

The queen-posts are usually of two ])ieces each, and receive 
the other beams between them into notches cut in eacli piece ; 
and, in some cases, a king-post connects the middle of the 
straining beam with the top of the rafters. 

On the main rafters are placed beams, O, laid horizontally, 
termed purlins / these support other inclined beams, /, termed 
long rafters, to which the boards, slate, metal, etc., of the 
roof covering are attached. The top purlin zY, resting on the 
lop of the main rafters, is tei-med the ridge beam ; the bottom 
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one, 0^ on which the ends of the luug rafters rest, the^c>.^ 
plate. 

Drawing of a roofi 'uss. We coimiieiice the drawing of 
the truss by constructing the triangle aba formed by the 
top line of the tie-beam and the inner lines of the main 
rafters. Next draw the centre lines d — e and g~~h the 
king and queen-posts ; next the top line, m — /q of the strain- 
ing beam. 

Ilaving thus made an outline sketch of the general form, 
proceed by putting in the other lines of the different beams 
in their order. 

To show the connection of the queen-posts with the tie- 
beam, etc., a lougitiidinal section (PL Yill. Fig. 101) is 
given, which may be drawn on a larger scale, if j’equisitc. 
Also a drawing to a larger scale is sometimes made, to show 
the connection between the bottom of the rafters and the 
tie-beam. 

Ecniarlcs, As it is usual in drawings of siiiijde frames 
• like the above to give but (me projection, showing only the 
cross dimensions of the beams in one direction, the dimim- 
sions in the other are witten either above, or alongside of the 
former. When above, a short line is drawn between them ; 
when alongside, the sign xof multiplication is placed between 
them. The better plan is to write the number of th(‘ (iross 
dimension that is projected in the usual way, and to place the 
other above it with a short line between, as in PL XL Fig. c, 
that is, S inches by 9 inches. 

Cohnnns and Kniahlit^ires. in m.:king drawings of these 
elements, it is usual to take the diameter of the column at the 
base, and divide it into sixty equal [>ai*ts, tcimed nunutca; 
the radius of the base containing thirty of those [)arts, and 
termed a inoddle, being taken as the unit of measure, the 
fractional ]»arts of which are minutes. For buihling purposes 
the actual dimensions of the various parts would be expressed 
in feet and fractional j)arts of a foot. 

To cuinmence the drawing, three parallel lines (PL IX. Fig. 
102) are drawn on the left-hand side of the sheet of paper. 
The middle space, headed N, is designed to express the 
heights^ or distances apart vertically cf the main divisions; 
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that on the left, headed 7?, is fur the heights of the subdi 
viskiis of the main portions ; and that on the right, headed 

is for what are termed \^\ki ph^jections^ that is, the distances 
measiii'ed liorizontally between the centre line, or a.rAs of the 
column, and the parts which project beyond the axis. 

At a suitable distance on the right of these lines another 
parallel, ^ — P, is drawn for the axis of the column. At some 
suitable point, towards the bottom of the sheet, a perpendicu- 
lar is drawn to the axis, and prolonged to cut the parallels 
to it. This last line is taken as the bottom line of the ba^e 
of the column. From this line set off u])wards — 1st, the 
height of the base; 2d, that of the shaft of the column ; 3cl, 
that of the capital of the column; 4th, the three divisions of 
the entablature; and through these points draw parallels to 
the bottom line. 

Commencing now at the top horizontal line set off' along it 
from the axis, to the right, the distance a — h, ecpial to the 
projection of the ])()int h ; in the same way the projections of 
the successive points, in their order below, as <'/, /' etc. llav-' 
ing marked these points distinctly, to guide the eyci in draw- 
ing the other lines for projections, commence by setting off 
accurately, from the top downwards, the heights of the resj^ec- 
tive subdivisions along the space heade<l JL These bcung set 
off draw ])arallels, through tiie ])oints set off, to the hoilzon- 
tals, commencing at the top, and guiding the eye and hand 
by the points />, dy etc., in order not to extend the lines un- 
necessarily beyond the axis. 

Having drawn the horizontals, proceed to set off upon them 
their corresponding projections ; wJiicli done, connect the 
horizontal lines by right lines, or arcs of circles, as shown in 
the figure. 

Mouldings, The mouldings in architecture are the jxu’tions 
formed of curved surfaces. The outlines, or pi’ofiles of those 
in most common use in the Roman style, are shown in (PI. 
IX. Fig. 103), they consist of either a single arc of a circle, 
which form what are termed siinjde mouldings ; or of two or 
more arcs, termed comjKmml mouldings. The arcs in the 
Plate are either semicircles, as in the torm,^ gtc., or quadrants 
of a circle, as In the cavetto^ scotia^ etc. The mannei of 
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ooiistructiiig these curves is explained (PI. 111. Figs. 30, 40^ 

etc.). 

TIic entire outline to the right of the axis is termed a 
profile of tlic column and entablature. 

Rem.arl's. Iji setting off projections, those of the parts 
above the sliaft arc sometimes estimated from the outer point 
of the radius of the top circle of the shaft; and those below 
it from the outer point of the lower radius; but the method 
above exjdained is considered the best, as more uniform. 

Where the scale of the drawing is too large to admit of the 
entire column being represented, it is usual to make the 
drawing, as shown in the figure, a part of the shaft being 
BU])})osed to be removed. 

The outline of the sides of the shaft are usually curve lines, 
and constructed as follows: — Having drawn a line o—p (PI. 
IX. Fig. 104) ecpial to the axis, and the lines of the top and 
bottom diameters being prolonged, sot off on the latter their 
respt'ctive radii o — and j> — a. From a set off a distance 
• to tlie axis a — (\ ecpial to o — the lower radius; and prolong 
ar—(\ to meet the lower diameter prolonged at Z. From the 
point Z draw lines cutting the axis at several points, as e^fi 
et(*.. From these points set off along the lines Z — d^ etc., the 
lengths d — y/i, e — tfec., respectively e(pial to a — c, or the 
lower I’adius ; the points etc., joined, will be the outline 
of the side of the column. 

Arches, (PI. YIII. Fig. 105.) The arc.? of simplest form, 
and most usual application in structures, is the efi Ind rleal, 
that is, one of which the cross sectioii is the sah.e throughout, 
and upon the interior surface of which, termed the sojfit of 
the arch, right lines can be drawn between the two ends of 
.t. The cross sections of most usual form are the semicii-cle, 
an arc of a circle, oval curves, and curves of four centres 

Right arch. The example selected for this drawing is the 
one with a semicircular cross section, the elements of the 
cylinder being perpendicular to the ends, and which is termed 
ih^fidl centre right arch. 

We commence this drawing by constructing, in the first 
place, the elevation of Aioface, or the front view of the end 
c*f the arch. Having drawn a ground line G — Z, set off 
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from any point, as a, a distance a — equal to the diametei 
of the semicircle of the cross section ; erecting perpendicu- 
lars at a and h, set off on them the equal distances a — A, and 
h — B, for the height of the lower lines of the arch above the 
horizontal plane of projection; join A and B, and on it de- 
scribe the semicircle AGB ; and from the same centre 0 
another parallel to it, with any assumed radius OD, Divide 
the semicircle AOB into any odd number of equal parts, as 
five, for example ; and from the centre draw the radii 
etc., through the points of division etc., and j)rolong them 
to m', etc., on the outer semicircle. From the points m', 
n', etc., draw the vertical lines D — m' — c, n' — a, etc., to 
intersect the horizontal lines drawn through m' ti', etc. The 
pentagonal figures Bmn'dD^ etc., thus formed will be the 
form of the arch stones of the face of the arch. The top 
stone, at (7, is termed the hey-stomy its vertical side n' — a is 
taken at pleasure. 

Having obtained the shapes of the face stones, we next 
proceed to draw those of the face of the wall contiguous to 
them. The manner of combining the stones of these two 
parts is purely arbitrary. The only rule is so to combine 
the horizontal lines of the two as to present a pleasing archi- 
tectural effect to the eye. The usual method, foi* ol)taining 
this result, is to bring the horizontal lines of the face of the 
wall, on cjMih side of the arch, to be ini the prolongations of 
those A — />, '//// — etc., of the arch; and so to dividii the 
vertical distances I) — in ' — c, etc., that the distances between 
the intermediate horizontals siiall be as nearly equal as [)rac- 
ticable. The dlstan<‘,es between the horizontals of the face 
of the wall, below the arch, arc usually the sam(‘, and equal 
to those just above. 

If the walls on which the arch rests are built for tlie sole 
purpose of supporting it they are termed al itnients. The 
portions of tliese, here shown in front view, are termed the 
ends, or of the abutments; the p()rti(ins projected in 
A — a, and B — Z*, and lying below tlie sufiit of the arch, are 
termed the sides or faces. 

The lines projected in A^ and B, along which the soffit 
mins the faces of the abutments, are termed the springing 
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V/MB of the arch. The right line projected in 0, and parallel 
to the springing lines, is termed the axis of the arch. The 
right lines of the soffit projected in w, etc., are termed the 
soffit edges of the courshig joints of the arch ; the lines m — m\ 
n — n\ etc., \ihQface edges of the same. 

To construct a longitudinal section of the arch by a vertical 
plane through the axis of which the trace on the face is the 
line Jf— iV, commence by drawing a line h" — B" parallel 
to 1) — J?, and at any convenient distance from the front eleva- 
tion ; from h" setoff along the ground line tlie distance b'' — b\ 
equal to that between the front and back faces, or the length 
of the arch; from draw b' — ^'parallel to — A*", and 
prolong upwards these two lines. The rectangle b'B'Jj'l/' 
will be the projection of the face of the abutment on the plane 
of section ; the line V — B\ corresponding to that }> — B^ etc. 
Drawing the horizontal lines B'' — B\ iii" — etc., at the 
same lieight above the ground line as the res j)ective points B^ 
m, etc., they will be the })rojections of the soffit edg(is of tiie 
couisiiig joints. The half of the soffit on the right of the 
plane of section is projected into the rectangle 

B' C O’' B", The arch stones A, etc., forming the key of 
the arch, are represented in section, the two forming the ends 
of greater depth than those intermediate, as is very often done. 
That is, the key- stones at the ends, and the end walls of the 
abutments, are built up higher than the interior masonry be- 
tween them; the top of this last being rej icsented by the 
dotted line o—^p in the elevation and the full line o-^)' on 
the cross section. 

The arch stones running through from one end to the 
other, and projected between any two soffit edges, as JV — 
and m" — m'", arc termed a sfrivg cof/rs<\ The contiguous 
stones running from one springing line to the other, as those 
projected in k. Id ^ Id' ^ &c., are termed ring courses. The 
lines, of which those r — s arc the pnqections, are the soffit 
edges of the joints, termed heading joints, between the stones 
of the string courses. These edges in one course alternate 
with those of the courses on cither side of it. 

The cross section on R — S requires no particular explana- 
tion. From its conventional lines, it will be seen that the 
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intention is to represent the soffit and faces of the arch, and 
its abutments, as built of cut stone, and the backing of rubble 
stone. 

Reinarlcs. In the drawings just made, it will be observed 
that no plan, or liorizontal projections, were found to bo 
necessar}" ; and that a perfectly clear idea is given of the 
forms and dimensions of all the parts by means of the eleva- 
tions and sections alone. A previous study of the particular 
object to be represented will very frequently lead to like re- 
sults, wherein a few views, judiciously clu)sen, will serve all 
the objects of a drawing. 

The methods of arranging the vertical and horizontal lines 
of the arch stones of the head, with those of the abutments, 
often present problems of some intricacy, demanding both 
skill and taste on the part of the draftsman, so to combine 
them as to produce a pleasing andutectural ap})carance, and 
yet not interfere with other essential conditions. An exam- 
ple of this, being the case of a segment arch, is given in PI. 
VIII. Fig. 106. 
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CHAPTER XIV 

MECHANISM. 

Proh. 114. (PI. XIV. Fig. 137.) To construct the projec 
Hons of a cylindrical S 2 )vr u'heel. 

The whesl work employed, in niceljanisni, to transmit tlie 
motion of rotation of one sliaft to another (the axis of the 
Feex)nd being parallel to that of the tiist), nsually consists of 
a cylindrical disk, or ring, from the exterior surface of which 
projects a spur shaj)cd condonation , termed AW//, or eny.s, so 
arranged that, the teeth on one wheel interlocking with those 
of the other, any motion of rotation, re(auved by the (me 
wheel, is communicated to the other by the inutual pressure 
of the sides of the teeth. There are various rnetliods by 
which this is ellected ; but it will be only necessary in this 
place to describe the one of most usual and simjde construc- 
tion, for the object we have in view. 

The thickness of each tooth, and the width of' the space 
between each ])air of teeth, are set (jlVu])on the circumference 
of a circle, which is termed the pitch line or ])itrh circle, ddio 
thickness of the tooth and the width of the space taken 
together, as measured along the })itch line, is termed i\\o pitch 
of the tooth, ddic pitch being divided into (d'wu n ecjual ])arts, 
five of these jnirts are taken for the ihickiies. of tlie k)oth, 
and six for the width of the spaci-, Maving given the radius 
0 — 7/1 of the pitch circle, and described ihi^ circle, k must first 
be divided into as many parts, each equal to h—h, tiie ])iteh of 
the teeth, as the number of teeth. Having made this division, 
the outline of each tooth may be set out as follows : — From 
the point /i, with the distance // — h as a radius, describe [in 
arc h — c, outwards from the jhtch circle; having set olV // — e, 
the thickness of the tooth ; from the yioint k, with the same 
radius, describe tlie arc / To obtain the apex c—f of the 
tooth, which may be either a right line, or lai arc di'scribed 
from 0 as a centre; place this arc three-tenths of the pitch 
\ — h from the pitch line. Tlie sides of the tooth, within the 
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pitch circle, are in the directions of radii drawn from the 
points h and e. The bottom d — g of each space is also an ara 
described from o, and at a distance, from and within the 
pitch circle, of four-tenths of the pitch. From the j^receding 
construction, the outline of each tooth will be the same as 
ahefed; and that of each space fdgi The curved portions 
b — c, and ( — f of each tooth are termed the faces, the straight 
})urtions a — and d — c, the flanlcs. The outline here 
described represents the jirofile of the parts, made by a plane 
perpendicular to the axis of the cylindrical surface, to which 
the teeth are attached ; which surface forms the bottom of 
the spaces. The breadth of the teeth is the same as the 
length of the cylindrical surface to which they are attached. 

The solid to which the teeth are attached or of which the^ 
form a portion is a rirn of the same material as the teeth ; 
and this rim is attached to a central hoss^ either by arm.$, like 
the spokes of a carriage wheel, or else by a thin plate. The 
former is the method used for large wheels ; the latter for 
small ones. 

In wooden wheels, the cogs are let into the rims, by holes 
cut through the rims. In cast iron wheels, the rim and teeth 
are cast in one solid piece. When the latter material is 
used, the arms and central boss are also cast in one piece 
with the rim and teeth in medium wheels ; but in large sized 
ones, the wheel is cast in several separate portions, which are 
afterwards fastened together and to the arms, &;c. 

In the example before us, we shall sujipose, tor simplifica- 
tion, that the rim joins directly to the boss ; the latter being 
a hollow cylinder, projecting slightly beyond each face of the 
wheel ; the diameter of the hollow being the same as that of 
the cylindrical shaft on which the wheel is to be placed. 

Let us now suppose the axis of the wheel horizontal and 
perpendicular to the vertical plane. In this position of the 
wheel, the outline just described will be the vertical projec- 
tion of the wheel ; the rectangle RSTU the horizontal projec- 
tions of the teeth and rim ; and the one 00' that of the 
boss, which projects the equal distances S- — 0, and B — 0\ 
beyond the faces R — T, and S — ?7of the wheel. 

The feces of each tooth, the surface of its apex, and thi 
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bottom of each space are all portions of cylindrical sarfaces, 
the elements of whicli are parallel to the axis of the wheel. 
The horizontal projections of the edores of the teeth (7'and 
which correspond to the points projected in c, and^ 
as well as those of the spaces, which correspond to the points 
a and d, will be right lines parallel to 0 — O'. Drawing the 
projections as C~ C\ and F—F', &c., of these edges, we 
obtain the comjdete horizontal projection of the wheel. 

Proh. 115. (PI. XIV. Fig. 138-) To construct the prejeo 
tions of the same wheel when the axis is still horizontal hut oblique 
to the vertical plane. 

As in the preceding Probs.^ of like character to this, the 
horizontal projection of all the parts will, in this position of 
the axis, be the same as in the preceding case ; and the 
vertical projections will be found as in like cases. The pitch 
circle and other circles on the faces of the wheel, and the 
ends of the boss, will be projected in ellipses; the transverse 
axes of which are the vertical diameters of these circles ; and 
the conjugate axes the vertical projections of the correspond 
ing horizontal diameters. The vertical projections of the 
edges of the teeth, which correspond to the horizontal pro- 
jections C—C\ and F—F\ &c., will be the lines c — c'", and 
&c., parallel to the projection o' — o'\ of the axis. 

Prob. 116. (PL XV. Fig. 139.) To construct the projections 
of a mitre^ or beveled wheels the axis of the wheel being horizontal^ 
and perpendicular to the vertical plane. 

The spur wheel, we have seen, is one in which the teeth 
project beyond a cylindrical riia, rUached to a central boss 
either by arms, or by a thin connecting plate ; moreover that 
portions of the teeth project beyond the pitch line, or circle, 
whilst other portions lie within this line. Mitre^ or beveled 
wheels^ are those in which the teeth are attached to the 
surface of a conical rim ; the rim being connected with a 
central boss, either by arms, or a connecting plate. In the 
beveled wheel the faces of the teeth project beyond an 
imaginary conical surface, termed the pilch cone^ whilst the 
flanks lie within the pitch cone. The faces and flanks are 
conical surfaces, which have the same vertex as the pitch 
cone ; the apex of each tooth is cither a plane, or a conical 
12 
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surface which, if prolonged, would pass through the vertea 
of the pitch cone ; and the bottom of the space between each 
tooth is also a portion of a cone, or a plane passing through 
the same point. 

The ends of the teeth and the rim lie on conical surfaces, 
the elements of which are perpendicular to those of the pitch 
cone, and have the same axis as it. 

Before commencing the projections, it will be necessary tr 
explain liow the teeth are set out, as well as the rim from 
which they }>roject. Let F(higs. A, B) be the vertex of the 
pitch cone; 7 — o its axis; and Ymn its generating triangle. 
At n and m, drawing })erpendiculars to and 7— w, let 
the ])oint n, wdiere they meet the axis prolonged, be the 
vertex of the cone th<at terminates the larger ends of the 
teeth and rim. Setting oil* the equal distances vi—m' and 
n — n\ and drawing m' — v/ and ??' — v' respectively pai'nllel to 
m — V and n — n, let v' be the vertex of the cone, and v'm'v' 
its generating triangle that Ibrins the other end of the teeth 
and rim. 

Having by Prob. 114 developed the cone, of which v is 
the vertex (Fig. B) and rn — n the diameter of the circle of its 
base; set off upon the circle, described wdtii the radius 
v— w, the wndth n — h of the space between the teeth, together 
wdth the thickness h — e of the teeth, as ii] the ])reeedin^» 
Prob, 115, and construct the outline of each tooth and s]>ae(i 
as in those cases ; next set off a — f, equal to a — />, for the 
thickness of the rim at the larger end, and describe the circle 
Jiniiting it, with the radius v—i. If now w'C wrap this 
development back on the cone, wm can mark out u])on its 
surface the ou! line of the larger ends of the teeth; and we 
ob.scrve that the faces of the teeth will thus ])roject beyond 
the pitch cone, and the flanks lie within it. If w(‘ m*xt 
BU])posc lines to be drawn from the vertex the several 
})oints of the outline of the teeth, the spaces bet^Ycen them, 
and to the interior circle of the rim, the lines so drawn will 
lie on the bounding surfaces of the teeth and rim ; and the 
points in which they meet the surface of the cone, ha\ing the 
vertex v\ and which limits the smaller ends of the teeth, wdll 
mark out on this .surface the outlines of the smaller ends of 
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tne teetli and rim. The length of each toothy measured 
along the element V — n of the pitch cone, will be a — tt'. 

To construct the vertical projection of the wheel, we 
observe, in the first place, that the points n, e, (hig. B)^ 
where the faces and flanks join, lie U])on the circumference 
of the circle of which o — )i is the radius, and which is the 
pitch circle for the outlhic of the ends of the teelh; in hke 
manner that the points <!te., of the a[»ex of each tooth, lie 
on a circle of which p — q is the. radius ; the poi^^ts 6-, a, (/, 
&c., lie on the circle of which r — « is the radius ; and the 
interior circle of the rirn has t — ti for its radius, 'f he radii 
of the corresponding circles, on the SiUaller ends of the teeth 
and rim, are o' — n'; // — q'; r' — s'; and t' — u'. In tlie second 
place all these circles are parallel to the vertical plane of 
projection, since the axis of the wheel is jicrpendieular to this 
plane, and they will therefore be projected on this jilanc in 
their true dimensions. 

From the }Joint 0 then, the vertical jirojeetion of the axis, 
dewscribe in the lii’st place the four concentric circles with the 
radii 0 — 0 — A', 0 — A', and 0 — (/resjiectively equal lo 
p — 0 — <Soc. ; and, from the same centre, the four others 
with radii 0 — &c*, respectively equal to jf — &-c. 

On the circle having the radius 0 — set off the points 
Bj &c., corresponding to w, e, &.c. ; on the one 0 — Q, 
the points &c-, corresponding to &c. ; on the one 
0 — the points A' J., .Z>, &.C., corresponding to s, a, c/, &;c. 
From the points (7 and thus set off, draw light lines to the 
point 0; the portions of these lires, intercepted between the 
circles of which 0— ^and 0 — Q' are »es])ectivclj the radii, 
with the portions of the arcs, as G — C' — F'^ intercejited 
between these lines, will form the outline of the vertical pro- 
jection of the figure of the apex of the tooth. The portions 
of the lines, drawn from B and E to 0, intercejited between 
the circles described with the radii 0 — K and 0 — N’^ together 
with the portions of the lines forming the edge of the apex, 
and the curve lines B—C, E^F and the corresponding 
curves B — C\ F — E on the smaller end, will be the projec 
tions of the outlines of the faces and flanks of the tooth. The 
outline of the projection of the bottom of the space will lie 
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between the right lines drawn from /Sand A to 0, and the 
arcs /S’'— yl', intercepted between these lines, on the 

circles described with the radii 0 — S, and 0 — S'. 

The projection of the cylindrical eye of the boss is the 
circle described with the radius 0 — K. Having completed 
the vertical projection, the corresponding points in horizontal 
projection are found by projecting the points C, B, E, 

/), &c., into their respective circumferences (Fig. A) at 
h\ &c. The portions of the lines drawn from C and / 
to 0, in vertical projection, will, in horizontal projection, be 
drawn from c' and /' to V; and so for the other elements of 
the surfaces of the faces, flanks, &c., of the teeth. The hori- 
zontal projection of the larger end of each tooth will be a 
figure like the one a'h'cfed'. 

The boss projects beyond the rim at the larger end of the 
wheel ; it is usually a hollow cylinder. Its horizontal pro- 
jection is the figure 'j’yzn\ kci. 

Proh. 117. (PI. XV. Fig. 140.) To construct the prelec- 
tions of the same wheels when the axis is oblique to the veriica 
plane^ and parallel as before to the horizontal. 

'‘Phis variation of the jiroblem requires no particular verbal 
explanation ; as from preceding problems of the like cha- 
racter, and the Figs, the manner in which the vertical 
projections are oblained from the horizontal will be readily 
made out. The best manner however of commencing the 
vertical projection will be to draw, in tlie first place (Fig. ])\ 
all the ellipses w'hich are the })rojections of the circles 
described with the radii 0 — (t — &c. (Fig. ( 7 ), and next 
those of the vertices of the three cones, which will be the 
points y, 0\ and 0". These being drawn the projections of 
the different lines, forming the outline of the projection cf 
any tooth, can be readily determined. 

Prob, 118. (PI. X. Fig. 141.) To construct the prajec- 
tdons of the screw with a square threcuL 

As a preliminary to this problem, it will be requisite to 
ahow how a line termed a helix..^ can be so marked out on the 
Buriace of a right circular cylinder that, when this surface is 
developed out, the helix will be a right line on the develop- 
ment ; and the converse of this, having a right line drawn OL 
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tbe developed surfiice of a right eireiilar cylinder, to find the 
projection of thus Jine, when the dcveloptnent is wrapped 
around the surface. 

Let ABC I) be the horizontal projection of the cylinder; 
acc'a' its vertical projection ; 0 and the line o— o' the ])r( Sec- 
tions of its axis. Let the circle of the base be divided into 
any number of e(]^ual ])arts, for cxamjde eight, and draw the 
vertical projections e — e', f~f, &c., corresponding to the 
points of division /^, &c. IFaving found the develoj)rnent 

of this cylinder, by constructing a lectangle (PI. X. Fig. 
142), of which the base a — a is ecpial f > the circumference of 
the cylinder’s base, and the altitude a — a' is that of the 
cylinder; through the points e, />, / r, &c., res})ectively e(jual 
to the etpial parts A — &c., of the circle, draw the lines 
€ — e', h — //, &;c., parallel to a — a\ These lines will Ix' the 
developed })osi lions of the elements of the cylinder, pro- 
jected in h — //, <^C; Now on this develo])nient let any 

inclined line, as a — //i, be drawn ; and from the point Uy at 
the same height above the point n, on the left, as the point 
IS above ci on the right, let a second inclined line n — m' be 
drawn parallel to a — m ; and so on as inatiy more equidistant 
inclined parallels as may be requisite. Now it will be 
observed, tliat the first line, a — cuts the dillcrent elements 
of the cylinder at the points marked 1, 2, 3, ka . ; and there- 
fore when the develo})ment of the cylinder is wrapped around 
it these points will be found on the project ons of the same 
elements, and at the same heights above the projection of the 
base as the}’' are on the dcvelojunent. Taking, for example, 
the elements projected in b — b\ and c — c , the points 2 and 4 
of the pnjectioii of the helix will be at the same heights, 
b — 2, and c — 4 on the projections, above u — c, as they are on 
the development above a — a. It will be further observed, 
that the helix ol' which a — ni is the development will extend 
entirely around the cylinder; so that the point 7/t, on the 
projection, will coincide with the two ?/i and n on the deve- 
lopment, when the latter is wrapped round ; and so on for 
the other points m, /f, and m'; so that the inclined parallehi 
will, in projection, form a continuous line or helix uniformly 
wound around the cylinder. Moreover, it wiU be seen, if 
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through the })oints 1, 2, 3, &c., on the development, lines are 
drawn parallel to the base a — a, that these lines will be eepu- 
distant, or in other words the point 2 is at the same height 
above 1, as 1 is above a, &c. ; and that, in projection also, 
these })oints will be at the same heights above each other; 
this gives an easy method of constructing any helix on a 
cylindc'" when the height between its lowest and highest 
point for one turn around the cylinder is given. To show 
this; having divided the base of the cylinder inti) any 
number of equal })arts (PL X. Fig. 141), and drawn the 
vertical projections of the corresponding elements, set oil* I'roni 
the foot of any element, as a, at which the helix commences, 
the height a — ///, at which the helix is to end on the sjime 
element ; divide a — m ii»to the same nund)er of equal jiarta 
as the base; through the j)oints of division draw lines 
]>arallel to a — c, the ])rojection of llie base ; the ])oints in 
which these })arallelh cut the projections of the (dements will 
be the required points of the ]m)jection of the helix; draw- 
ing the curved line e, 1, 2, &c., through these ])oints it will 
be the required jirojection. 

Having explained the method for obtaining the projec- 
tions of a helix on a cylinder, that of obtaining the projections 
of the parts of a screw with a square fillet will be easily 
understood. 

Proh. 119. (PI. XVL Fig. 143.) To construct the projectiems 
of a screw with a square fillet. 

Draw as before a circl ', with any as.sumed radius A — i?, 
for the base of the solid cylinder which forms what is termed 
the 'uewef of the screw, and around which the fillet is wrap])ed. 
Construct, as above, the projections of two parallel helices on 
the newel; the one (dm; the other x2z] their distance 
apart, a — x, being the height, or thickness ol‘ the lillet, 
estimated along the element a — a' of the cylinder. Fiom 0, 
with a radius (J — A\ describe another circle, such that 
A — A' shall be the breadth of the fillet as (‘sti mated in a 
direction perpendicular to the axis of the newel ; and let the 
rectangle a"c''d''e'' be the vertical projection of this cylinder. 
Having divided the base of the second cylinder into a like 
number of equal parts corresponding to the first, and drawn 
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the vertical })rnj(‘(‘ti<nis (»r the elcincuts corresponding to these 
points, as b — b\ c'te., construct the vertical projection of a 
helix on this eylindei, which, commencing at the point r/' 
shall in one turn I'cacli the point m", at the same licigln 
above o' as the point w is above a. The helix thus found 
will ('vid(‘ntly cut tlu' elements of the outer cylinder at the 
same heights abn\e the base as the eorresi'onding one on the 
iniK'r cvlimhu' (‘ui^’ the ei»rres])ondiriy' (‘lernents to those of 
tlie tii-st : the })n'j(H‘ti<>ns ('I'thc two will evidditly cro^s each 
other at tlio ])(>int "1 on tlu* line }>— b\ Tn hk(' niiiniu'r 
construct a s(.‘eond lu^hx on b-e secoiul evhmler and 

parallel to the liL-t, ronu'U'ncing ‘U a ])oint;/"at tlu', same 
heiLdit above a" as a is abo\<' a. M Ins, in hK<‘ niainuT, vill 
cross the ])roj eel i 071 j'l'. at the p(»ii:t 2. 'flu' pi'ojfctions 
of helices thus found will be the jiM'jectK.us o( the exterior 
and inteiior lines of tlu* fillet ; the extj'iior surhice of which 
will coincide \\itli that of the exteii<n‘ e\ lindei*, and the top 
and bottom siii’faees of wbieb will be betw(‘di tlu' corres])OTid- 
int'- liclices at top and bottom. The void space betwi'cn the 
filh't w liieli lies between the exterior < viimh'r and tiic surface 
of the newel is tci’ined the chaund; its dimensions are usually 
the satne as those of the fillet. 

120. (Pis. XVI. XYll. Pigs. 144 to 107. ) To 
construrt the lines shoiving the usual combiuation of the 
working heain^ the cranh\ and the comwetiug rod of a steam 
engine. 

in a drawing of tlic kind of wliieli the principal ohject is 
to show the combination of the j ai , no other detail is put 
down but what is requi>ite to give a.i ulea ot the general 
forms and dimensions of the main ineec", and their re cive 
positions as dctei’inined by the motions of which they are 
susceptible. 

As each clement of this combination is symmetrical Ij dis- 
posed wdth respect to a cential line, or axis, wo commence 
the drawing by setting oil, in the tirst jilace, these central 
lines in any assumed jiosition of th<' ])arts; these are the 
lines 0 — /, the distance from tlie centre of motion of the 
working beam A to tliat of its connexion with tlie connecting 
rod i?, and which is 3 inches and 55 hundredths of an inch 
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actual inoaaurcment on tlic drawing, or 4 feel 43 liiindrcdlhp 
on llie inacliine itself, the scale of the drawing btang 1 inch te 

foot, or ; next the line e, the distance of the centre of 
motion / to that e of tlie connecting rod and crank C ; lastly 
the line e — c?, from the centre of motion e to that d of the 
crank and the working shaft, the actual distance being 1 incli 
36 huiidrt'dlha. These liiiCs being accurately ^et off. the 
outlines of the ]>arts which are symmetrically placed with 
respect to iheiu may be then set oil' such dimensions as 
are not written down being obtained by using the scale of 
the drawing, or from the more detailed Figs. 145 to 157. 

Uaving completed the outlines we next add a sufficient 
number of lines, termed indicating lines, to show the ampli- 
tude of motion of the parts, or the space passed over between 
the extreme positions of the axes, as well as the direction or 
paths in which the parts move. These are shown by the arc 
described from o with the radius o — /; the circle described 
with d — e; the lines o — a, o — c, and o — 5, the extreme and 
mean positions of the axis o—f: with b — h, and h — g the 
extreme positions 

Besides the axes and indicating lines, others which may be 
termed axial lines, being lines drawn across the centre of 
motion of articulations, as through the point of the axis on 
cross sections, are requisite, f()r the full understanding of the 
combinations of the parts; such, for example, as the lines 
e — X and v — w, on (Fig. 147), which is a cross section of the 
connecting rod, made at m — n, rn' — n\ Figs. 145, 146 ; tiiose 
X— y; X'—T, &c.; those Z—W, on Figs. 148 

to 157. 

Prob. 121. (PI. XV III. Figs. 158 to 170.) To maJee Ove 
measurements, the sketches^ and finislbcd drawing of a machine 
from the machine itself 

A very important part of the business of the draftsman 
and engineer is that of taking the measurements of industr'al 
objects, with a view to making a finished drawing from the 
rough sketches made at the lime of the measurements. For 
the purposes of this labor, the draftsman requires the usual 
instruments for measuring distances and determining the 
horizontal and vertical distances apart of points; as thf 
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uiirpenter’s rule, measuring rods, or tape, com}>as.ses, chalk 
line, an ordinary levt'l, and a plumb line. The iirsl three are 
used for ascertaining the actual distances lx.‘tween points 
lines, &c. ; the chalk line to mark out on the parts to be 
measured central lines, or axes ; the two last to determine 
the horizontal and vertical distances between points. For 
sketching, paj)er ruled into small squares with blue, or any 
other colored lines, is most convenient ; such as is used, for 
example, by engineers in plotting secthjiis of ground. With 
Buch paper, or lead pencil, and j>en and ink, the draftsman 
needs nothing more to note down the i dative })()sitions of the 
parts with considerable accuracy. Taking for example the 
Bide of the small square to represent one or more units of the 
scale adopted for the sketch, he can ju(lg(‘, by iht* eye, pretty 
accurately, the fractional parts to be s(‘i olf. In making 
measurements, it should be borne in mind, that it is better to 
lose the time of making a dozen useles> one>, than to ornit a 
single necessary one. The sketcli is usually made in lead 
pencil, but it should be })Ut in ink, by going over the pencil 
lines with a pen, as soon as })ossible ; otherwise the labor 
may be lost from the ellacing of numbers or lines by wear. 
The lines running lengthwise and crosswise on the paper, 
and which divide its surface into squares, will serve, as 
vertical and horizontal lines on the sketch, to guide the hand 
and eye where projections are required. 

It is important to rerncmlicr, that in making measurements 
we must not take it for granted that lines arc [larallel that 
seem so to the eye : as, for exam[)h . in tlie sides of a room, 
house, &ic. In all such cases tlic Jiagoiials shc>uld be 
measured. These are indispensable lines in all rectilineal 
figures which are cither regular or irregular except the square 
and rectangle. 

The mechanism selected ibr illustiatiiig this ProL is the 
ordinary machine termed a crab engine for raising heavy 
weights. It consists, 1st (Fig. 158), of a frame work com- 
posed of two standards of cast iron yl, connected by 
wrought iron rods ft, ft with screws and nuts ; the frame being 
firmly fastened, by bolts passing through holes in the bottoma 
of the standards, to a solid bed of timber framing ; 2d, of the 
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meclianism for raising llit* weiglils, a dnim B to which u 
fastened a toothed wheel (7 that (jmrs or works iuto a pinion 
I) placed on the axle a; t>d, two crank arnw 77 where the 
animal power as that of men is a])[)lied ; 4th, of a rope wound 
round the drum, at the end of which the resistance or weight 
to be raised is attached. 

The sketch (Kig"^. 159 to 1(18) is commenced by measuring 
the end view J' of tlie standards and other })arts as shown in 
this view ; next that t'f the sid(‘ view, as shown in (Tig. lIlO). 
To save I'oom, the middle juwtion of the drum //", is 
omitted lien', but the dislanees apart of the dillerent jiortions 
laid down. These j^jnts should be placed in the same 
relative positions on the sketch as they will have in projec* 
tiou on the tinisluHl drawing (Figs. 1(19, 170). d’hc drum 
being, in the example chosen, of cast iron, scctimis of a 
}K)rtion of it are given in Figs. 1(13, U14. Tlie otlu'r details 
sjieak l()r themselves. 

The chief point in making measurements is a, judicious 
selection of a sulliciimt number of the Ix'st views, and then a 
selection of the best lines to commence with from which the 
details are to be laid in. 4’his is an alhiir of practiei'. h’he 
draftsman will frecpumtly tind it well to use the chalk line to 
mark out some guiding lines on the machine to be C(^pied, 
before commencing his measurements, so as to obtain central 
lines of beams, &c. ; and the sides of triangles formed by the 
meeting of these lines. 
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CUAPTEU XV. 

TOrOGRAPIIICA L I > RAW 1 N G. 

TtlE term topograj)liicul rlrawii'g is a})|'lic(l to the methoda 
adopted for representing by lines, or oilier })i-()ccsses, both 
the natural features of the surlacc of any given Jncjility, and 
the fixed artificial objects tvliich may be fmnd on the 
surface. 

This is cflected, by the means of projections, and pioiiles, 
or sections, as in the rejuesentation of other bodies, com- 
bined with certain conventional signs to designate more 
clearly either the forms, or the ch.i racier of the objects of 
which the jirojections are given. 

As it would be very dillicult and, indeed with very few 
exceptions, impossible to represent, by the ordinary modes 
of ])rojection, the natural features of a locality of any con- 
siderable extent, both on account of the irregularities of the 
surface, and the smallness of the scale h wliich drawings of 
objects of considerable size must necessarily \y\ limited, a 
method has been resorted to by which tlie horizontal dis- 
tances apart of the various points oi die surLce can be laid 
down with great aceuracy even to very binall scales, and also 
the vertical distances be expressed with equal accuracy either 
upon the plan, or by profiles. 

^ 1^0 explain these methods by a familiar example which 
any one can readily illustrate practically, let us suppose 
(PL XIX. Fig. 171) a large and somewhat irregularly shaped 
potai-o, melon, or other hke object selected, and after being 
carefully cut through its centre lengthwise, so that the section 
shall coincide as nearly as practicable with a plane surface, 
let one half of it be cut into slices of equal thickness by 
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Bectioiis parallel to the one through tlie centre. I’his being 
done, let the slices be accurately placed on each other, so aa 
to preserve the original shape, and then two pieces oC straight 
Btiir wire, A, be run through all the slices, taking care to 
place the wires as nearly perpendicular as practicable to tlie 
surface of the boai'd on which the bottom slice rests, and into 
which they must be firmly inserted. Having marked out 
carefully on the surface of the board the outline of the figure 
of the under side of the bottom slice, take up the slices, being 
careful not to derange the positions of the wires, and, laying 
aside the bottom slice, place the one next above it on the two 
wires, in the position it had before being taken up, and, 
bringing its under side in contact with the board, mark out 
also its outline as in the first slice. The second slice being 
laid aside, proceed in the same manner to mark out the out- 
line on the board of each slice in its order from the bottom ; 
by which means supposing the number of slices to have been 
five a figure represented by Fig. 171 will be obtained. Now 
the curve first traced may be regarded as the outline of the 
base of the solid, on a horizontal plane ; whilst the other 
curves in succession, from the manner in which they have 
been traced, may be regarded as the horizontal projections 
of the different curves that bound the lower surfaces of the 
different slices ; but, as these surfaces are all parallel to the 
plane of the base, the curves themselves will be the hori- 
zontal curves traced upon the surface of the solid at the same 
vertical height above each other. With the projections of 
these curves therefore, and knowing their respective heights 
above the base, we are furnished with the means of forming 
some idea of the shape and dimensions of the surface in 
question. Finally, if to this projection of the horizontal 
curves we join one or more profiles, by vertical planes inter- 
secting the surface lengthwise and crosswise, we shall obtain 
as complete an idea of the surface as can be furnished of an 
objecjt of this character which cannot be classed under any 
regular geometrical law. 

The projections of the horizontal curves being given as 
well as the uniform vertical distance between them, it will be 
very easy to construct a profile of the surface by any vertical 
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plane. Let X-—Y be the trace of any sucli verticial plane, 
and the ])oints marked xf^ xf'^ &ic., be those in which it inits 
the projections of the curves from the base upwards. Let 
G — L be a ground line, parallel to A" — above which the 
points horizontally projected in .r, x, x'\ &c., are to be 
vertically projected. Drawing perpendiculars from these 
points to G — />, the })ointa; will be projected into the ground 
line at y ; that marked x' above the ground line at y\ at the 
height of the first curve next to the base above the horizontal 
plane ; the one marked x", will be vertically projected in 
at the same vertical height above x' as y' is above y; and 
so on for the other points. We see ihercforc that if through 
the points y, ?/', y'\ &c., wc draw lines y' — y\ &e., })arallcl to 
the ground line these lines wdl be at e(pial distances a]>art, 
and are the vertical projections of the lines in which the 
profile plane cuts the dillerent horizontal planes that contain 
the curves of the surface, and that the curve trac(‘d through 
yy'y'\ &c., is the one cut from the surfmai. in like manner 
any number of profiles that might be deemed requisite to 
give a complete idea of the surface could be constructed. 

In examining the jirolile in connexion with horizontal 
projection of the curves it will be seen that tlie curve of the 
protilc is more or less steep in j)ro})ortion as the horizontal 
projections of the curves are the nearer to or farther from 
each other. This tact then enables us to firm a very good 
idea of the form of the surface from the hor-z( ntal projections 
al/rne of its curves ; as the distance ajiart oi the curves will 
indicate the greater or less declivity >1 the suiiace, and their 
form as evidently shows where the surface would present a 
convex, or concave appearance to the eye. 

hor any small object, like the one wdiich has scjved for our 
illustration, the same scale may be used for both the hori- 
zontal and vertical [)rojcciious. But in the delineation of 
large objects, which require to be drawn on a small scale, to 
■Eccoinmodate the drawdng to the usual dimensions of the 
paj^er used lor the ])U]-pose, it often becomes impracticable to 
makf; the profile on the same scale as the plan, owing to the 
arnallness of the vertical dimensions as compared with the 
horizontal ones. For example, let us suppose a hill of irre 
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guiar shaju', likr tlio object of our preceding illustration, and 
that tlu* horizontal curve of its base is three miles in itj 
longest direction, and two in its narrowest, and that the 
higlu^st point of the bill above its base is ninety feet; and lot 
ns further supj)Osc that we have the ])r(^jections of the hori- 
zontal curves of the hill for every three feet estimated ver- 
tically. Now supposing the drawing of the plan made to a 
scale of one foot to one mile, the curve of the base would 
require for its delineation a sheet of paper at least 8 feet long 
and 2 feet broad. Supposing moreover the projt'ction of the 
summit of the hill to 1x5 near the centre (d* the base and the 
deelivitv from this juhnt in all directions sensibly uniform, it 
will be readily seen that the distance apart of the horizontal 
curves, estimated along the longi'st diameter of the curve of 
the base will be about half an inch, and along the shortest 
one about omethird of an iiieli ; so that althougli the linear 
dimeiisions of the horizontal ])iojeetions are only the of 
the actual dimeiisions of the hill yet no ditlicully will be 
found ill putting in i \)0 horizontal eurves. Jbit if it were 
requii’ed h) make a protilc on the same scale we should at' 
once see that with our oj-diiiary instruments it would be 
impraeitcabic, Kor us any linear sjiaec on the drawing is 
only the of the corresponding space of the object, D 

follows that for a vertical height of three leet, the distiiuec 
between the horizontal curves, will be leprescnted on the 
drawing of the p'niilc by the jiart of a foot, a distance 
too small to be laid ott' by our usual means. Now to meet 
this kind of dillieulty, the method has been devised of 
drawing prohles by maintaining the same horizontal dislaiiees 
between the points as on the ]>lan, but making the vertical 
distances on a scale, any inulti[de whatever greater than that 
of the })laii, which may be found convenient. For exam])le, 
in the case before us, by jireserving the same scale as that of 
tbe ])laii fur the horizontal distances, the total length of the 
prolile would be 3 feet; but if wc adopt for the vertical 
distances a scale of of an inch to one foot, then the vertical 
distance between the horizontal curves would be of an 
inch, and the summit of the ])r(dile would he 0 inches above 
its base It will be readily seen that this method will not 
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alter ilic relative vertical distances of the points from eaeb 
other; for of an inch, the distance helween any two hc*^* 
zonlal curves on the profile, is the -3’,, of 9 inches the lioiL’h* 
of tlie ])rojection of the snnimit, just as o feet Is the o( 90 
feet on the actual ohject. Ilut it will he further seen that [lie 
profile otherwise giv(‘s us no assistance in forming an idea of 
the actual shape and slopes of the ohject, and in fact rather 
gives a very erroneous and distorted view of them. 

Plant of Cojnparihon^ or Pt/trence. To obviate the troiihlr 
of making p'ofiles, and jiartieuhely when the scale of tiic 
plan is so small that a distojted and tin refore erroneous view^ 
may he given hy the yirolilc made on a larger scale than that 
of the jilan, recourse is had to the })rojections alone of the 
horizontal curves, and to luiinDcrs written upon them whicli 
ex]:)ress their resjiective heights above some assumed hoii- 
zontal plane, which is termed the plane of reference, or ol' 
com])arison. in Fig. 171 , lor e\am])lc, the plane of the ha.^e 
may he regarded as the one from which the heights i*f all 
(>bjects above it are estimated. If the scale of this drawdng 
was i of an inch to ^ an inch, and the actual distance 
hetw'een the ]»laiies oi' the horizontal curves was e(pud to i 
an inch, then the curves w'ould, in theii order hoin the 
bottom, be i an inch vertically above each other. d\) 
express this fact by numbers, let lheiH‘ be wnitteu upon the 
projection of the curve of the base llu' cvphcr (0); upon the 
next this (1); cVc. These nundiers thus wr n n will indicate 
that the height of each cinve in its order abovi* that of the 
base is <kc., of an meh I’he unit of measure of the 

object 111 tins case being hall an imli. The numlicis so 
written arc tciinedthc rLj( rcnccs oi llic curves, as they indicate 
their heights above the plane to which reference is made in 
estimating these heights. 

The selection of the })osition of the plane of comparison ia 
at the o})tion of the draftsman; as this position, however 
chosen, will in no respects change the actual heights of the 
points with respect to each other ; makmg only the refereiicea 
ui each greater or smaller as the plane is assumed at a lower 
or higher level. Some fixed and well defined point is usually 
taken for the position of this plane. In the topography of 
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localities near tlie sea, or where tlie height of any point of the 
locality above the lowest level of tide water is known, thih 
level is usually taken as that of the })lane of comparison. 
This })resents a convenient starting point when all the curves 
of the surface that require to bo found lie in ])lancs nhovt this 
level. But if there arc some below it, aS those of the exten- 
sion of the sliores below low water, then it pi-esents a 
difficulty, as these last curves would require a different mode 
of reference from the first to distinguish them. This difficulty 
may be gotten over by numbering them thus (-1), (-2), &c., 
with the - sign b(‘fore each, to indicate references belonging 
to points below the plane of comparison. The better method, 
however, in such a case, is to assume the plane of ct)m])arison 
at any convenient number of units below the lowest water 
level, so that the i(‘l(*reiices may all be written with miinberH 
of the same kind. 

Rtfercnccs. In all cases, to avoid ambiguil v and to provide 
for references expressed in fractional parts of the unit, the 
references of whole numboj’s alone are written tliiis (2.0), that 
is the integer followed b}' a decimal point, and a 0; those of 
mixed or broken numbers, thus (2.d0), (eJ.oS), (0.37), <kc., 
that is with the whole number followed by two decimal 
places to express the fractional j)art. 

Projections of the Horizontal Carves, No invariable rule 
can be laid down with resjiect to the vertical distance apart 
at which the horizontal curves should be taken. This 
distance must be dependent on tiie scale of the di awing, and 
the purpose which the drawing is intended to subserve. In 
drawings on a large scale, such for example as are to serve 
for calculating excavations and embankments, horizontal 
curves may be j)ut in at distances of a loot, or even at less 
distances ajiart. In maps on a smaller scale they may be 
from a yard ujiwards apart. Taking the scale No. 8, in the 
Table of Scales farther on, w hich is one inch to 60 feet, or 
yjo, as that of a detailed drawing, the horizontal curves may 
be put in even as close as one foot apart vertically. A con* 
venient rule may be adopted as a guide in such cases, which 
is to divide 600 by the fraction representing the ratio which 
designates the scale, and to take the resulting Quotient to 
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cxprCiV"? tli(; ij umber dF fcct vertically between the horizontal 
curves. Thus fJOO — gives one foot as the required 
distance; GOO - gives 3 feet; 600 - gives th^ 
half of a foot, &,e., &c. 

Bat whatever may be this assumed distance the portion of 
the surface lying between any two adjacent curves is 
BU}>]>osed to be such, that a line drawn from a point on the 
upj)er curve, in a direction perpendicular to it and prolonged 
to meet the lower, is assumed to coincide with the real 
surface. This liy])othesis, although not always strictly in 
a^icordance with the facts, appr ):.iinates near enough to 
accuracy for all })ractical purposes ; especially in drawings 
made to a small scale, or in those on a large one where 
tiie curves are taken one foot apart or nearer to each 
other. 

Let d (Fig. 172) for instance be a point on the curve (3.0), 
drawing from it a right line perpendicular to the direction of 
the tangent to the curve (3.0) at the point d^ and prolonging 
it to c on the curve (2.0), the line d—c is regarded as the 
projection of the line of the surface between the points pro- 
jected in d and c. In like manner a — h may be regarded as 
the projection of a line on the portion of the surface between 
the same curves. It will be observed however that the line 
a — b is quite oblique v\ ith respect to the curve (2.0), whereas 
d — c is nearly perpendicular to (2.0) as well as to (3.0), owing 
to the portions of the curves where these lines are drawn 
being more nearly parallel. to each other in Lne one case than 
in the other. This would give f)r the portion to which a—b 
belongs a less approximation to acc’iracy than in the other 
[lortion referred to. To obtain a nearer degree of approxi 
mation in such cases, portions of intermediate horizontal 
curves as x — x, y — y, &c., may be put in as follows. Suppose 
one of the new curves y — y is to be midway between (2.0) 
and (3.0). Having drawn several lines as a — \ bisect each 
of them, and through the points thus obtained draw iht 
curve ^ — yj which will be the one midway required. In like 
manner other intermediate curves as x — x, y — y may be 
drawn. Having ]>ut in these curves, the true hue 
doclivitv, between the points c and / fni example will b6 
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the curved or broken line, cutting the intermedia^ 
curves at right angles to the tangents where it crosses 
them. 

The intermediate curves are usunll}^ only marked In 
}>cncil, as they serve simjdy to give the position of' the line 
that shows the direction of greatest declivity of the surface 
between the two given curves. 

Proh. 122. Jlariinj (JtP rrfrrr)ir<‘s of (i nnnihcr of jiOtnP on a 
drawing^ as deU^rmineA hg an insfranicntal fo candrurt 

from these data the approximate projeeiiaii of the eijuididant 
horizontal curves having lohoh nnmhers for refrences. 

Engineers employ various methods for determining ecpii- 
distant horizontal curves, cither directly by an instrumental 
process on the ground, or by constructions, based u])()n the 
considerations just explained, from data obtained by the 
ordinary means of leveling, &c. 

Let us suppose for example that ABC!) {Eig. 173) repre- 
sents the outline of a portion of ground which has been 
divided up into squares of 50 feet by the lines A — x\ 
y — 2 /, &c., run parallel to the sides A — B and A — (7, and 
that pickets having been driven at the points where these 
lines cut each other and the parallel sides, it has been deter- 
mined by the usual methods of leveling that these points 
have the references respectively written near them. With 
these data it is required to determine the projections of the 
equidistant horizontal curves with whole number references 
which lie one foot apart vertically. 

Having set oif a lineal — x (Fig. 174), eipial to sr, on 
(Fig. 173) draw perpendiculars to it at the points A and x. 
From these two points set off along the i)erpeudiculars an ' 
number of an assumed unit (say half an inch as the one 
takfc), and divide each one into ten equal parts. Through 
these points of division draw lines parallel to A — x. 

Cut from a piece of stiff* paper a narrow strij) like A — 0 
(Fig. 174), making the edge A—0 accurately straight. By 
means of a large pin fasten this strip to the paper and draw- 
ing board at the point A. 

If we consider that for the distance of 50 feet between any 
two points on ground, of which the surface is uniform (as k 
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most generally the ease), the line of the surface between the 
two points will not vary very materially from a right line, 
and that any inconsiderable ditference will be still le&s 
sensible on a drawing of the usual proportions, we may 
without any important error then assume the line in (picstion 
to be a right line. Now as the reference of the point x is 
(2().20) the difference of level between it and A, or the height 
of x above A is 1.70 ft., or equal to the difference of the two 
references. But from what has just been laid down with 
respect to the line joining the points A and x drawn on the 
actual surface, it is })lain that the point on this line having 
the whole reference (25.0) lies between A and x, and that as 
it is 0.50 ft. higlier than A its projection wdll lie between A 
and X and its distance from A wull be to the distance of x 
from A in the same proportion as its height above A is to 
the height of x above yl, or as 0.50 ft. is to 1.70 ft By 
calculating, or by constructing by (Prob. 54, Fig. 55) a fourth 
proportional to A — x -- 50 ft. ; 1.70 ft. - the height of x 

above A; and 0.50 ft. =— the height of the required point 
above A ; we shall obtain the distance of the projection of 
this point from A. in like manner by calculation, or 
construction, we can obtain the distance from A of any 
other point between A and x of which the reference is 
given. 

But as the calculation of these fourth proportionals would 
require some labor the Fig. 174 is used to c<'^‘struct them by 
this simple jiroce.ss. Find on the perpendicular to A — x on 
the right the division jK)int marked '.70; turi^ the strip of 
paper around its joint at A until the edge A — 0 is brought 
on this point, and coniine it in this ])osition. The portions 
of the parallels intercepted between A — 0 and the perpen- 
diculars at A will be the fourth proportionals required. For 
example, the vertical height betw'een the point (24.50) and 
the one (25.0) being equal to the ditference of the two 
references, or 0.50 foot, the horizontal distance which corres 
ponds to this is at once obtained by taking off in the dividers 
the distil nee, on the parallel drawn through the point .6, 
between the perpendiculars at A and the edge A — 0. This 
distance set off along the line A — B (Fig. 174) from A to 
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(25.0) will give the required point. In lifcie manner th-t 
distance from A to (26.0) will be found, by taking off m the 
dividers the portion of the parallel drawn through the point 
1.5 on the perpendicular at A. 

To lind the points corresponding to the references (24.0), 

(25.0) , and (26.0), on the line x — x parallel to A — which ■ 
lie between the points marked (26.20) and (23.80), the 
vertical height between these points being (26.20) — (23.30) 

- 2.90 feet, first bring the edge A — 0 to the point marked 
2.90 on the perpendicular on the right, then, to obtain the 
distance corresponding to (24.0), take off the portion of the 
intercepted parallel through the point .7 and set it off from 
(23.30) towards (26.20), and so on for the other points (25.0) 
and (26.0). 

Having in this manner obtained all the points on the 
parallels to A — B and A—D, with entire numbers for 
references, the curves drawn through the points having the 
same references will be the projections of the corresponding 
horizontal curves of the surface. 

Jt may happen, owing to an abrupt change in the declivity 
of the ground between two adjacent angles of one of the 
squares, as at b between the point A and y, on the line 
A — Zl, that it may be necessary to obtain on the ground the 
level and reference of this point, for greater accuracy in 
delineating the horizontal curves. Suppose the reference of 
b thus found to be (21.50), it will be seen that the rise from 
y to 6 is only 0.4 foot, whilst from b to .4 it is 3 feet. To 
obtain the references with whole numbers between b and 4., 
take off the distance A — b (Fig. 173) and set it off from A to 
b on (Fig, 174), and through b erect a perpendicular to A — x, 
marking the point where this perpendicular cuts the parallel 
drawn through the point 3, and bringing the edge A — 0 of 
the strip of paper on this point, we can obtain as before the 
distances to be set off from h towards A (Fig, 178) to obtain 
the required references. 
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lyONVENTlONAL METHODS OF RePRESKNTJN(J THE NaTUBAL 
AND Artificial Features of a Localitt. 

For the purposes of au engineer, or i'or the information of 
a person aequainted with the method, that of re})resenting 
the surface of tlie ground by the projections ol' equidistant 
horizontal curves is nearly all that is recpiisile ; but to aid 
persons in general to distinguish chwly and readily the 
various featuivs of a loca.lit 3 q ccrr.-o" convention'll iiK'ans are 
employed to express natural features as well as artificial 
objects, which are termed toj njrajthicnl siqns. 

Slopes of ground. The line (T the slojie, o declivity of the 
surface at any given point between any two equidistant 
horizontal curves, it lias been sh(*wn is measured along a 
right line drawn from the upjier to the lower curve, and 
perpendicular to the tangent to the uppiT curve at the given 
])oint. This slope may be estimated either by the number 
of degrees in the angle contained between the line of deijlivity 
and a horizontal line, in the usual wav of measuring such 
angles; or it may be expressed by the ratio between the 
})erpendicular and base of a right angle triangle, the vertical 
distance between the eipiidistant horizontal curves being the 
perpendicular, and the projection of the line of declivity the 
base. If for example the line of declivity of which a — h 
(Fig. 172) is the projection makes an angs jf“ 45° with the 
horizontal plane, tlicn the vertical distance between the 
points a and h on the two curves w. ' be equal to a~ h, and 
the ratio between tlie })erpendicular and base of the righv 
angle triangle, by which the declivity in this case is esti- 
mated is — since the equidistant curves are taken one 
’ al/ 1 

unit apart. 

As a general rule all slopes greater than 45° or j are 
regarded as too precipitous to be expressed by horizontal 
equidistant curves, the most that is done to represent them 
is to draw when practicable the top and bottom lines of the 
surface. In like manner all slopes less than 0°..53'..43" 
Of are regarded as if the surface were horizontal; stiL 
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upon such slopes the horizontal curves may when ieqniwsit€ 
be put in ; but nothing further is added to express the 
declivity of the surface. 

Lines of declivity^ Sc. The lines used in topographical 
drawing to picture to the eye the undulations of the ground, 
and which are drawn in the direction of the lines of declivity 
of the surface, serve a double })ui-pose, that of a popular 
representation or the object ex])rcssed, and with which most 
intelligent })crsons are conversant, and that of giving the 
means, when they are drawn in accordance to some system 
agreed upon, of estimating the declivities which they figure, 
with all the accuracy reejuired in many practical purposes 
for which accurate maps are consulted by the engineer or 
others. 

As the horizontal curves when accompanied by their 
references to some plane of comparison are of themselves 
amply sufficient to give an accurate configuration of the 
surface represented, it is not necessary to })lace on such 
drawings the lines used on general maps, and which to a 
certain extent replace the horizontal curves. The lines of 
declivity in question will therefore be confined to maps on a 
somewhat small scale, in which horizontal curves are not 
resorted to with any great precision, although they may have 
been used to some extent as a general guide in constructing 
the outlines of the map, such for example as from one inch 
to 100 feet, or upwards as far as such lines can 

serve any purpose of accuracy, say one inch to half a mile, or 

I 

:m ' f' ■ • 

To represent therefore the form and declivities of all 
Blopes, from | to inclusive, in maps on these and inter- 
mediate scales, the following rules may be followed for pro 
portioning the breadth and the length of the lines of 
declivity, and the blank s})aces between them. 

T/iC distance betiveen iheceutrc lines of the hues of declivity 
shall he 2 hundredths of an inch added to the ^ of the denorm- 
nator of the fraction denoting the declivity ejc pressed in hun- 
dredths of an inch. 

Thus for example in tin* declivity denoted the rule 
.^ives (2 -f = 18 hundredths of an inch for the distancsi 



TOPOGKAPmCAL DRAWING. 11^9 

fcpart of tlK‘ lines. In tlie declivity of \ we obtain (2 4 
— 2^ hundredths of an inch. 

2d. ^J'he lines should be Uie heavier as they arc nearer to 
each other, or as the declivity expressed by them is the 
steeper. For the most gentle slope so expressed, that of 
the lines should be fine, for those of j, or steeper, their breadth 
should be hundredths of an inch. 

This rule will make the blank space between the heavy 
strokes equal to half the breadth of the stroke. 

3d. No absolute rules can be laid down with respect to the 
lengths of the strokes, these will depend upon the scale of the 
drawing, the skill of the draftsman, and the form of the surface 
to be defined by them. If we take ibr example the scale of 
or one inch to 50 feet, ana suppose the horizontal curves 
to be put in at one foot apart vertically, which on the draw- 
ing corresponds to jh or 2 hundredths of an inch, the distance 
between these curves on slopes of \ would be 2 hundredths 
of an inch, whilst on a slope of curves would be 

2 X f>4 = 128 hundredths, or 1.28 in., nearly an inch and 
'one third apart. In the first case therefore if the strokes 
were limited between the two curves of each zone they would 
be onlv 2 hundredths of an inch long, whilst in the second, 
if a like limit were prescribed, they would be an inch and a 
third in length ; both of which would be inconvenient to the 
draftsman, and would ])r(‘sent an awkward appearance, par- 
ticular! v the latter, on the bruwing. To ohv o- this difficulty 
tiien it has beini li»uiid well, on cenlh* slop(.‘s, to limit the 
length of the stroke to about o tee hs of an inch, and in 
steep slo})es to adopt strokes of the length from 8 to 16 hun- 
dredths ol an inch. 

These limits will require on steep slo})es to ceiiaiii scales 
that the stroke's shall end)racc the zones comprised between 
three or mote horizontal curves, whilst on gentle slopes to 
some scales it \vill be iKH:essary to divide up the zone com- 
. prised by two curves into two or more by intermediate curvea 
in pencil, so as to obtain auxiliary zones of convenient 
breadth for the draftsman between which the strokes arc put 
in, according to the 1st and 2d rules, the strokes of one 
auxiliary zone not running into those of the other. 
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Practical applications. Suppose on a zone between tlie 
curves (2.0) and (3.0) that the distance between the points t 
and /is 1.2 in., or 120 hundredths of an inch, it would be 
necessary according to the 3d rule to divide this zone into at 
least two by one auxiliary curve. I.et us suppose it to be 
divided into four parts by three auxiliary curves x — x, y — y, 
z — z put in according to what has been already laid down. 
Ilaving done this calculate by rule 1st the distance occupied 
along this curve by 5 strokes or lines of declivity. Si]p{)osing 
the slope to be gV, tlie rule would give (2 -f V) == 
hundredths of an inch for the distance apart of two strokes ; 
and for five it would give 4 x 17 = 68 hundredths. I'ake 
now a strip of paper and set olf on its edge 68 hundredths of 
an inch, which divide into four equal parts; then ap{»ly this 
edge to the curve z — ^2 a.nd set off from o to p the dots for tiie 
five strokes ; do the same for the curves y — /y, and x — .r, Jimi 
through the points thus set off draw the strokes normal tc. 
the curve along which they are set otf. 

Where the curves a])proach nearer to each other, and are 
less than 6 tenths of an iiicli apart and over 4 tenths, as at 
d — c, it will be well to draw an intermediate line as m — n 
along which the strokes will be set otf, and to which they 
will be drawn perpendicularly. 

Lines of declivity put in accurately in this manner, in 
groups of live, from distance to distance between the ln)ri- 
zontal curves, will serve to guide the hand, in judging by 
the eye the positions of the intermediate liiu's between the 
groups ; the spaces gradually contracting, or widening, as the 
slope, as shown by the j)Ositions of the horizontal curves, 
becomes steeper, or more gentle. 

Scale of spaces. When the spaces between the lines of 
declivity have been carefully put in according to the pre- 
ceding system, they will serve to determine the declivity at 
any point; and a scale of spaces, corresponding to the 
declivities, ought to be put down on the drawing, in like 
manner as we put down a scale for ascertaining horizontal 
distances. The following method may be taken to construct 
this scale. On a right line estimating from the point A 
(PL XIX. Fig. 175) set off 64 equal parts to each part 
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being equal say to or ,-'2 of nii iiicL. Number ilie poiiiU 
of division from 0 at ^ 1 , to 64 at 7?. Construct perpendiculars 
to the right line at A and B, and (Ui the one at .1 set off a 
distance to C corresponding to four spaces of the lines of 
declivity for the slo})e of J, and at B for spaces io 1) for the 
slo])e of Draw a right line C—D through the points 
thus set off Through each of the equal divisions on — B^ 
or through every fiftli one, draw lines parallel to the two 
perpendiculars; each of these lines, intercepted between 
A — B and C — D, will represent four spaces, corresponding 
to the slope marked at the })oints on . 1 — B. 

To find the declivity of a zone between two horizontal 
curves, at any ]K)int, from the scale, we take off in the 
dividers the distance of four sjniccs of the lines of declivity 
at the point, then ])lace th(^ points of the dividers on the lines 
A — 7^ and 0 — 7) so that the line drawn between the points 
will be perpendicular to A — B^ the corresponding number on 
j[ — B will give the slope. Sujipose for example the }>oints 
of the dividers when placed embrace the points m and n, 
the corr(;spondiug number on A — B being about 34 g»ves ^’4 
for the required slojie. 

Surfaces of water. (PL XX. Fig. 176.) To represent water 
a series of wavy lines A, A are drawn parallel to the shores. 
The lin(‘s near the shores are heavier and nearer together 
than those towards the middle of the surface. No definice 
rule can be laid down further than to ma^ e the linos finer 
and to increase the distance between them as they recede 
from the shore. AVhen the b.mk ’ are steep the slope is 
represented by heavy lines of declivity Ihc watci line is a 
tolerably heavy line. 

If islands B occur in the water course, some pains must be 
taken in uniting the water lines around its shores with the 
others. 

Shores. Sandy shelving shores C arc represented by fine 
dots uniformly sjircad over the part they occupy on the 
drawing. The dots are strewn the more thickly as the shore 

is steeper. ^ 

Gravelly shores are represented by a mixture of fine ana 

ooarse dots. 
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}hadows. These are represented E by systems of veiy 
short fine lines placed in fan shape, so as to give the idea of 
tufts of grass. The tufts should be put in unifoi-rnly, 
parallel to the lower border of the drawing, so as to produce 
a uniform tint. 

Marshy ground. This feature F is represented by a 
combination of water and grass, as in the last case. The 
lines for the water surfaces arc made straight, and varied in 
depth of tint, giving tlie idea of still water with reflections 
from its surface. 

Trees. Single trees /, f are represented either by a tuft 
resembling the foliage of a bush, with its shadow, a small 
circle, or a black dot, according to tlic scale of the drawing. 
Evergreens may be distinguished from other trees by tufts 
of fine short lines disposed in star shape. Forests G are 
represented by a collection of tufts, small circles, and points, 
BO disposed as to cover the part uniformly. Brushwood H 
and clearings with undergrowth standing, with smaller and 
more sparse tufts, &c. Orchards as in 0. 

Rivxdeis^ ravines^ <S:c. Small water-courses of this kind 
K, K and their banks are represented by the shore lines 
or bank slopes, when the scale of the drawing is large 
enough to give the breadth of the stream. The lines gra- 
dually diverging, or else made farther apart below the 
junction of each affluent. On small scales a single line 
is used, which is gradually increased in heaviness below 
each affluent. 

Rods. This feature L is expressed by lines of more or 
less irregularity of shape, so disposed as to give an idea of 
rocky fragments interspersed over the surfixee, and connected 
by lines with the other portions intended to re{)resent the 
mass of whole rock. 

Artifirkil ohjecLs. The above are the chief natural features 
represented conventionally. The principal conventional 
Bigns for artificial objects will be best gathered from Platea 
XIX. and XX. 

In most works for elementary instruction, and in the 
systems of h^pographical signs adopted in public services, 
almost cv ery natural and artificial feature has its representa 
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tive sign. The copj^ing of these is good pracAiee for the 
pupil , but for actual service those signs alone which desig- 
nate (»bjects of a somewhat permanent character are strictly 
re(piisite ; as in culture, for example, rice fields may be 
expressed by a sign, as they, for the moat pail, retain for a 
long time this destination ; whereas the ploughed field of the 
Spring is in grain in Summer and barren in Winter ; and the 
field of Indian corn of this year is in wheat the next, &c., 
&c. 

Practical methods. Finished topographical drawings form 
a part of the office work of the civil engineer, that require 
great time, skill, and care. For field duties he is obliged to 
resort to methods more expediti(»us in theiT* results than 
those of the pen, and the use of the lead pencil furnishes one 
of the best. The draftsman should therefore accustom him- 
self to sketch in ground by the eye, and endeavor to give to 
his sketch at once, without repeated erasures and interlinea- 
tion, the final finish that it should receive to subserve his 
purposes. Hill slopes, horizontal curves, water, &c., &c., 
may be sketched in either by Lucs, according to rules 
already laid down, or else by uniform tints obtained by 
rubbing the pencil over the paj>cr until a tint is obtained of 
such intensity as to represent the general effect of lines of 
declivity of varying grade, water lines, &c. The })encil used 
for this purpose should be very black and moderately hard, 
so as to obtain tints of any depth, from dc'*]) black to the 
lightest shade which will not be easdy efiaccd. The cfiects 
that may be produced in this ma'*uer aie ver^ good, and 
considerable durability may be giv mi to the diuwirig by 
Masting the paper on a coarse cotton cloth, and then wetting 
the surface of the drawing with a mixture of milk and water 
Half and half. Every draftsman will do well to exercise 
himself at this work in the office uniil he finds he can 
imitate any given ground by tints. 

Colored Tojpocjra^hij. Tlie use of colors in topography is 
an effective and rapid method of indicating the features of 
land, and one largely employed. 

The colors used are indigo, Hooker’s green, No. 2^ yellow 
ochre, burnt Bieima, carmine, gamboge, and sepia. . 
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Water {a PI. XXVIII.) is indicated by a flat tint of irndigo , 
it is shaded out from the shore-line, when there is one. 

Chrass-land {b PL XXVIII.) is indicated by a flat tint of 
green, 

JSandy roads^ and streets (o PI. XXVIII.) are indicated by 
a flat tint of yellow ochre. 

Buildings^ bridges,, and all structures {d, PL XXVIII.) 
are indicated by a tint of carmine. 

Railroads {e. PL XXVIII.) are indicated by a dark line 
of carmine without cross lines. 

Cultivated land (/. PL XXVIII.) is indicated by a flat 
tint of burnt sienna; sometimes parallel lines (y. PL XXVIII.) 
are ruled over the flat tint, using for tlie puri)ose either a 
darker tint of burnt sienna,^ green,, or, more commonly, sejpia. 

Uncultivated land (A. PL XXVIII.) is indicated by a 
double tint of burnt sienna and green. To lay a double tint, 
prepare the two tints in separate saucers, tlieii using a brush 
for each tint, carry one color for a short distance u]_)on the 
surface, and then change for the other color and brush, letting 
the colors join and blend of themselves ; alternate the tints 
in this way until the whole surface is covered. Avoid any 
regularity in the mottled tint obtained. 

Hills {i. PL XXVIII.) are indicated by a tint of sejpia^ the 
depth of the tint corresponding to the slope of the land, being 
darkest where the slope is greatest, and becoming lighter as 
the slope dec-reascs. The sepia is laid over tlie land tints. 

Trees (A. 1^1. XXVIII.). There are a number of steps to 
be followed in indicating trees. Ist, lay the land tint ; 2d, 
pencil in fine lines the outlines of the trees ; 3d, tint them with 
green^ making the lower right-hand part the darkest ; 4th, 
touch up the trees with gamboge upon the light side (the 
upper left-hand) ; 5th, add the shadows of the trees with sepia 

Marshy ground {1. PL XXVIII.) is indicated by water and 
grass land so arranged that the position of the patches of land 
shall be horizontal; draw a shade line of sepia along the 
lower edges of the land. 

Light is supposed to come from the upper left-hand corner 
of the drawing ; hills are shaded without any reference to the 
direction of light ; only the shadows of such objects as houses, 
trees, etc., are represented ; sepia is used for shadows. 
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For the method of preparing and using tints, eee the chaj> 
ter on tinting. 

When making a colored plate, first pencil everything, then lay 
the flat tints, then touch up the trees, then the hills and shadows 

The division lines between fields and all outlines are ruled 
with sejpia. 

For pen drawings the draftsman should always have at 
hand a good supply of pens made of the best quills, with nebs 
of various sizes to suit lines of various grades, for slopes, kc. 
His ink should be of the best, and of a decided tint when laid 
. n ; deep black, red, green, <fcc. 

The lireadth of lines adopted for different objects must 
depend upon the im[)ortancc of the object, and the magnitude 
of the scale to which the drawing is made. In drawings to 
small scales lines of not more than two breadths can be used, 
as the fine and medium. For those to larger scales, thrive 
sizes of lines may be introduced, the fine, medium, and 
heavy. 

Similar remarks may be made on lettering and the size, 
&c., ol‘ borders. To letter well requires much priictiee from 
good models. Tlie draftsman should be able to sketch in by 
the eye letters of every character and size without resorting 
to rulers or dividers ] until he can do this, wliatever pmns lu‘ 
may take, his lettering will bo stiff and ungainly. The siz(.‘ 
of th(‘ lettering will be dependent upon that of the drawing 
and the importance of the object. The clia •' :ler is an atlair 
of good taste, and is best left to the skill ami fancy of the 
draftsman ; for arbitrary rules cannoi done suflicc, even were 
they ever rigorously attended to. 

As it is of some im}>ortance to obtain the best effects in 
drawings which demand so much time and labor as topo- 
graphical maps, it may be well to observe that, in pen oi 
line drawings, it is best to put in the letters before the lines 
of declivity, water lines, &c. ; as it is less difficult to put in 
the lines without disfiguring the letters than to make clean 
and well defined letters over the lines. 

Tne border of the drawing, like the lettering, is frequently 
a fancy composition of the draftsman. It most generally 
consists of a light hue on the interior and a heavy one on th( 
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exterior ; the heavy line having the same breadth as that of 
the blank space between it and the light line. As the bordei 
is generally a rectangle in shape, the rule usually followed 
for proportioning its breadth — which includes the light line, 
the blank space, and the heavy line — is to make it the one 
Imndredth part of the length of the shorter side of the rect- 
angle. 

The title of the drawing is placed without the border at 
top when it takes up but one line ; when it requires several 
it is usuall}^ placed within it. The greatest height of the 
letters of the title should be three hundredths of the length 
of the shorter side of the border ; and when the title is with- 
out the border tlie blank .space between it and the border 
should be from two to four hundredths of the shorter 
side. 

To every line of topographical drawing there should be 
two scales, one to express the horizontal distances between 
the points laid down ; the other a scale to express the slopes 
as in Fig, 175. The scales should be at the bottom of the 
drawing, either within or without the border, according tc 
the space unoccupied by the drawing. 

Finally every drawing should receive the signature of the 
draftsman ; the date of the drawing ; and state from what 
authorities, or sources compiled ; and under whose direction, 
or supervision executed. If emanating from any recognized 
public office, it ought also to be stamped with the seal of the 
office. 

^Scales of distances. In our corps of military engineers, for 
the ])urposcs of preserving uniformity and attaining accuracy 
in the execution of maps and plans for official action, a 
system of regulations is adopted, to the requirements of 
which strict conformity is enjoined on all in any way 
connected with those corps, ])rescribing the manner in which 
all objects are to be represented, and the scales to which the 
drawings of them shall be inude. As the last point is the 
result of much experience, and may save the young drafts- 
man much time in the .selection of a suitable scale for any 
given object, it has been thought well to add in this place 
the following Table of S< ales, adopted for the guidance of 
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No. 

1 

2 


8 

4 

5 


6 

I 

8 ! 

I 

9 

10 

11 

12 

IS 

14 I 

15 ' 


TABLE OF SCALES. 


PsoroKTioN or thk Scalb | Appmcation of thb Scai.b. 


1 inch to J an incu, 

t- 

1 inch to 1 inch, 

f 


1 inch to 6 inches, 

*• 

1 inch to 1 foot, 

A- 

1 inch to 2 feet, 

A- 


1 inch to 5 fe^'t, 

1 inch to 10 feet, 

1 inch to 50 feet, 

12 inches to 200 yards, 

1 inch to 220 feet, 
24 inches to 1 mile, 

1 inch to 440 feet, 
12 inches to I mile. 

1 inch V/bSO feet, 

6 inches to 1 mile. 
TIliTW- 

1 incli to 1320 fed, 

4 inches to 1 mile, 

1 inch to 2040 feet, 

2 inches to 1 mile, 

srijn- „ 

1 inch to 5280 feet, 

1 inch to 1 mile, 

1 inch to 10560 feet. 
^ an inch to 1 mile, 


: llctails ot suiveyiiii*- instruments, <fec , 

I wlien ^^reat accuracy is required. 

All nnxlels for masons, carpenters, 
<fec. ; and for the <lra\vin^s of small 
objects re<|uiring the details accu- 
rately. 

Machines and tools of small dimen- 
sions, as the jack, axes, saws, &c.; 
hanging.' of gates, (fee., (fee. 

Machin/\s of mean size, as ca])stans, 
vvindlashos, vidiicles of transporta- 
tion, A;c. 

Large, machines, as pile engines, 
pumps, itc.; details of arrange- 
ment of stone masonry, of car- 
])entry, <fec. 

Canal lock, s<?alloldings, separate 
drawings of light-houses, buildings 
of various kinds. 

viencial ]»lnns of buildings where 
minute details are not put down. 

Sections and profiles of roads, canals, 
tfec. Maps of ground with hori- 
zontal curves one foot apart. 

Topographical map^. comprising one 
mile and a half s(jiiare, as ini]>ortant 
parts of ancliorages, harbors, (fee. 

Topographical m ps embiacing three 
mil<‘s square. 

Top(»gra}n •< al maps exceeding four 
and wiilrtii eight miles .square. 

Topographical ma})s embracing nin« 
miles square* 

Maps not exceeding 24 miles square. 


Maps comprising 50 miles square. 


Maps comprising 1 00 miles square. 
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the Corps of Engineers. The first column of this tahV give? 
the unit of the drawing which corresponds to the iniinbeT 
of units of the object itself; and under this the vulgar 
fraction which shows the ratio of the linear dimensions of the 
drawing to the corresponding linear dimensions of the 
object. For example, at No. 8 of the Table we find for the 
designation of the scale “ one inch to 50 feet^ or 12 inches to 
200 yards''^ and below this the fraction ^ii 7 ; this then is 
understood to express that the distance between any two 
points on the drawing being one inch the actual horizontal 
distance between the same points on the object is 50 feet ; or, 
if the distance between two points on the drawing is 12 
inches then the corresponding horizontal distance on the 
object is 200 yards. In like mdnner that every linear inch 
or foot on the drawing is the part of the corresponding 
horizontal distance on the object. 

Copying maps, dec. As the topographical sketches taken 
on the ground are to serve as models from which the 
finished drawings are to be made, either on the same scale ai 
the sketch, or on one greater or smaller than it, the drafts- 
man must have some accurate and at the same time speedy 
method of copying from an original, either on the same, or a 
different scale. The most simple, and at the same time the 
moffc accurate and speedy in skilful hands, is to divide the 
original into squares, by pencil lines drawn on it lengthwise 
and crosswise ; the side of the square being of any convenient 
length that will subserve the purj)oses of accuracy. Having 
pre})ared the original in this manner, the sheet on which the 
copy is to be made is divided into squares in like manner ; 
the side of each being the same as that of the original when 
the copy is to be of the same size; or in any proportion 
shorter or longer than those of the original when the linear 
dimensions of the copy are to be in any given proportion 
shorter or longer than those of the original. Having pre 
pared the blank sheet in this way, we have only to judge by 
the eye, when it is well trained, how the different objects on 
the original lie with respect to the sides of the squares on it ; 
to be enabled, by the hand, to put them in pencil on the 
blank sheet. After roughly putting in the outline work in 
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this way, the corrections of inaccuracies can he afterwards 
readily effected. All the outline having been completed in 
pencil, the labor of the pen is commenced, and the details, 
as lines of declivity, conventional signs, &c., are put in bv it 
alone. 
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W.iter supply fConsiderci 


(Chemu-al and ItactcrioloRical ) 


* Mathcwson s First Principles of ('hemic al Theory 
Matthews’s Laboratory Manual of Dvciiik and Textile Chemistry 

Textile Fibres 2d Eilifion, Rewritten 

* Meyer’s Determination of Railules m Carbon ('ompoumls 

Third Edition 

Miller s Cyanide Proi ess 

Manual of A‘ savini! . . 

Mini'l’s ProdiK I lull of Aliiniinuni and its Industrial Cse 
Mixter’s IClenienlai V Text-book of ('heniistry . ... 

Morf'.in’s Elcaiients of Physical Chcmiistry . .... 

Outline of the Theory of Solutions and its Result.s . 

* Pliysual Ch(‘nustr\ for Electrical EriRineeis . 

Morse’s Calc illations u>ed in Cane-siiMar h'ac tone. . . 

* Muir's Hetorv of ( lieiuual Theories aii'l Laws 
Mullikeu’s ( 'fCtu ral .Method for the Identitu at'oiiof Pure Or^a 

Vol I CompouncL ot Carbon with Hv ''u,”'n and Ox> 

Vol II Nitiopi non . Conipounih (le Prej) ir.ition ) 

\'ol 111 The Coiiunen lal Dvc'stulTs (la 'hess). 

O’ Drisi oil’s Notes on the Treitnient o’ (told On., 

Osiwald s (’on\ ers.ilion , on Chemistry Part One (Kanei 

” ” I’ai ( 'I'wo (Tiirtibiill • iL'mo, 

Owen <ind Staii'laye s Dveiny and Cleanni)*, of 'leMile Fabric s iL’iiio, 

* Palme r s lhac tic al Ti St Houk of Chemistry . . IJmo, 

* I’auli's Phv>it d < heniistiv ni the Ser\i(C oi Medicine (h'i-.ihtr t 12inu, 
I’enlield’s 'fables of Mon'rals, Includiny the C .e ot .Mnieials and Statistics 

ot Doiiu'stu PrcMl'iitiop . Svo, 

Ihc tcl' , Alk.iloicl , and thcar Cheiinc al ('onstilution (Bicldlel Svo, 

Pooh ' •> (.'alontii Pow er of ^'ue!' S\o, 

Prescott ami Wni-low’s Lhamiitsof Water Iku lenoloyi, with Spex uil Rctei- 


12 mo. 


fit) 

1 2nn), 

1 

25 

tandpoiiit 1 

Svo 

4 

00 

Svo, 

1 

00 

Svo. 

3 

50 

Svo. 

4 

00 

('fingle ) 

12mo. 


25 

1 2ino. 


00 

12mo, 


00 

lo ) I Jnio 

2 

50 

1 Jniu, 


50 

1 2mo, 


1)0 



00 

1 2mo, 


50 

lOmo, nior 


,sO 

S\o. 


00 

ompoumls 

Large Svo, 


00 

Svo, 

2 

00 

IJmo, 

1 

*.o 


Waler Analysis 
• D\eiim 

;i s All , Walct, ami I'o 


from a Sanitary Stand 


K\o. 

Kvo, 


enc e toSanitaii \\ ill iT Analysis . .I’Jino, 

* Reispj’s ( tuidi to Ph‘c 
K uhatd, and Wooiiiui 

point 

Ru kel Is ami Millei ' , Nc'te , on Assa\ iiu; 

Ride d’s Dnuilection am! the Presc r\ ation ot I'oud 
Scwayi'aml the liactenal Piinlic .ilioii ot Sewage 
Riy^; I'.h iiictitar\ Manual lo' the* ('heniu .il Laboiatoiw 
Robme ami Lc. i;Ien s Cvaimh Industn tLvClc-tci . K\u, 

Ru' Idiiiiaii s im oniiiatibilitH*' in PieaTiption ■. . S\o, 

Win' 111 Phaiuiac> 12iiui, 

Ruer’s Ell III' ms of Me1allo)’rapln (Mathew soni 'In Ihess i 
Sabin’s Imlu-tnal and Artistic Tei hnoloyv ot Paint an 1 V.irni h Svu, 

Salkowski s I’lnsioloKii al .ind Patholoyii a! ('heniisti) • 'i*' lord - K\m, 

Sc hnnpf’s lis len Li.il ot Volimuliie Aiial>sis l.hno, 

Manual of VoluHictru Anapsis I Fifth J.dition, Rc'w ni tc n > K\u, 

* (Jualilatnc Chemical Analv-a'i >'• 0 , 

Smith's Lee ture Notes on Chenu .tiy tor Dei.t.il : 

Spenc er's ILindbook lor Cane Siiyar Mamiku turc*r . 

Handbook for Chemists of Beet su^tar House, 

StcH kbnd^ce’s Rocks and Soils . ^ 

Stone’s Practical Testiiu; of Cas and C.i'i Meters 

♦ Tillman's Descriptive C.eneral Chemistry 

* Elementar^' Lcss(.)ns m Heat . . 

Tri'aclwell's Qualitatni’ Anal>sis (ILdl t 

(Juiintitatne Analv-sis (Hall) . 

Turneaure and Russell’s I’ublii. Watct-supplies . 

Van Deventei's Physical Chemistry for Beginners (Boltwcjod ) . 

Venable’s Methods and Deviec, for liaetenul Tieatnient of Sewaye Svo, 

Ward and Whipple's Freshwater niol..,,v. (In 
Ware’s Beet-sugar Manufacture and Rctinimt. 


K\u, 

Idiiio mol 
Itiiiio, riioi 
H\o, 
. . Svo, 

Svo, 

.......Svo, 

Hvo. 

Svo, 

.. . Svo, 

I Jmo, 


Vol 1 Svo, 

Vol. II Svo, 


2 (10 
2 ()0 
I 00 
1 25 

1 Of) 
5 00 
:$ 1)0 

1 50 
25 00 

2 00 
00 

I 00 

4 00 
1 25 

1 Of) 

2 00 
1 00 

.{ 00 
2 50 

1 25 

5 00 

1 25 

2 50 
.i 00 

3 00 

2 50 

3 50 
3 00 
1 50 

3 00 

4 00 

5 00 
1 50 

3 00 

4 00 

5 00 



Washington’s Manual of the Chemical Analysis of Rocks gvo, $2 OQ 

* Weaver’s Military Explosives 3 qq 

Wells’s Laboratory Guide in Qualitative Chemical Analysis ftvo! 1 50 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

l2mo. 1 60 

Text-book of Chemical Arithmetic 12mo, 1 25 

Whipple’s Muroscojiy of Drinking-water Svo, 'i 50 

Wilson’s Chlonnatioti Process 12mo 1 50 

Cyanide Processes 12mo.' 1 60 

Winton’s Microscopy of Vegetables Food gvo'» 7 50 

Zsigmondy’s Colloids and the Ultrumicroscopc. (Alexander).. .Large 12nio, 3 00 

CIVIL ENGINEERING. 

BRIDGES AND Ror^FS II VDRAULICS. MATERIALS OF ENGINEER- 
ING RAILWAY ENGINEERING. 

Baker's Enginf'ers' Surveying Insirumenls 12mo, 3 dO 

Bixhv's ('raphital Computing Tabk . . Paper lOi X2f I imhes 25 

Breed and Husmer’s Prim piles and Pnn tae of Surveying Vol 1 Elemen- 
tary Sur\('\ mg .. Svo, .3 00 

Vol. II Higher Sni veviu); .Svu, 2 50 

* Burr’s Ancient vind Modi'rn JCngim-tnng and the Isthmian Canal . Svu, 3 .50 

Comstock's Field Asitonom> fur I'higiiieers Svo, 2 50 

* Cort hell’s Allow abk I’ressure on Lcei> Fonrnlatioris 12mo, 1 25 

Crand.ill’s Te\t-book on Geodesy and Le.ist Sipiarcs Svo, ,3 00 

Davis’s JHe\ation ami Stadia Tables .Sm., 1 00 

Elliott’s I'bigincenng lor Land Drainage 12nio, 1 .50 

Practical Fanil Dr.uriagc. fSetoml IMition Rewritten i . . .I2tm), 1 50 

* Ficheger’s 'IVcMtise on Ci\il Engineering . . Svo, ,5 00 

Flcmer's Photograjihic Methoils and Instrument . . . S\o, 5 00 

Folw ell's Sewerag'c (Di agmng and Mamtcn.im e ) ... . . Svo, .3 00 

Fmtag’s An Intel tural IbigineeriTig . . H\o, .t .50 

Goodhue’s Muiiaipal linprovcinciitb ... ... . .I'Jiuo, I 5<) 

* Havuh and Rkc’.-* Tables of Quantitu's for ITchuun.irv Edun.itt . IJino, 1 25 

Ilayfonl’s Text book ot Geodetic Astrononiv Svo, 3 00 

Henng’s Ready Rctereru c lables (Conversion F.u lut^ ) Itlnio. imn 2 50 

Hosmer's Azimuth .. . . iOnu/, nior 1 ()0 

Howe’ Retaining Wall-> for IC.irlh l2tno, 1 25 

* IvesX Ailin-tii'.uit V of the Engineer’s Transit and Li \ el .. . Kinio bds 25 

Julinsnn’s (J B ) d'heurv and Prm tn e of Surveving L.iige 1 2mo, -1 OO 

Johnson’.s (L ) ) Statu 3 bv Algebraic and Graplm Methoils H\o, 2 0!) 

Kirinuutt, 'Winslow and Pi.itt’s PunliL.ition ol Sewage iln Prt lur.ition 1 

* Mahan'-. ])(■ .iriptivc < rioiiuiiv ... . S\o, 1 .50 

Mernnuii’s ICleiueiit-. of Prev. ise S ir\ eving and ( '••■od'' .V . . Svo, 2 .51) 

Mernmau and Brook I landboolv £01 Siiryevuis . lOmo, inor 2 Oi) 

Nugent’ . Pl.mc Surw ving . . .Svo, 50 

Ogden’s Sew et Coiisinu. tion . . Svo, 3 00 

.‘sewer Design ... I2:no, 2 00 

Par-.ans’s Dis]>os.d of Muim ipal Rtfuse. . . Svo, 2 00 

Patton's Treatise on Civil Engimiiing . . S. o, hall 1 ■ itlier, 7 5) 

Reed's Topograjiliu al Dr.iwnng and Sketi lung . . . Ito, 5 00 

Kidcil's Sewage and the Bacten.il Piinhealion of Sewagi Svo, -I 110 

Riemer’s. Sh.dt sinking umkr Dilla ult Comiition-. (Corning and Pc h > S\rj, 3 t)0 

Siebort ami Biggins .Modi rn Storu lultingarid Masonry . Svo, 1 ,50 

Smith’s Man.ial ot 3 opograi>hi( al Dr.iw mg (McMillan) . Svri, 2 .50 

Sopei's Air and Vintilalion of Subways . . I Jnio, 2 50 

* 'i'racC^ Exe:i ises in Survevmg 12.iio, nior 1 00 

Tracy's IMane .Surveying Ithno, mor. 3 00 

* Trautwine's Civnl Engintei'h Poi ket Ijook . lOmo, inor. 5 00 

Venable’s Garbage Crematories in Amei 11 .1 Svo, 2 (JU 

Methods and Devices loi Bacterial 3'rcaLnient ot Sewagv Svo, 3 00 

0 



W^ait's Engineering and Architectural Jurisprudence 8vo, $6 ()0 

Sheep, d rjO 

Law of Contrac Mvo, 3 00 

Law of Operations Preliminarv to Constriu tion in Engineering and 

Architecture Svo, Ti 00 

Sheet 1 , T) TiO 

Warren’s Stcrcotoniv — Problems in Stone cutting .. . ... S\o, 2 TiO 

* Waterbury's Vest-Pocket Hand book of Malheinatics for Engineers 

2! ' r^i niches, mnr 1 (lO 

Webb’s Problem's in the Esc and Adjustment of Engineering Instr'Muent- 

lOnio, I'lor 1 2r> 

"Wilson’s Topograidnc Sur\ eying 8\o, 3 5U 


IIRIDGES AND ROOFS. 


Small Ho, 
. Ho. 
h\o. 
S\o, 
S%o, 
.S\o, 
S\o, 


Boiler's Prai lie.d Trea'ise on the Constnu lion of Iron Hlgh^^av Bridges Svo 
TImiiu ki\(‘r Bridge . Oblong p.i] n. i 

Burr and ISilk s Disign .ni<l Constriu tion of Mei.illu Bridge* Svo 

Int’na in e Luu- lor Bridge* ind Roof Com a ation- 
Du Bois’s Meahaim . ot Eiigiiucring N ed 11 

Foste'r's 'I're'ati'.e* on \Voe/d< n 'lie^tle Brnl,e. . 

P'occUr's ()rdinar\ I*'opndatioTis 
Greem’s An la in Woo i, Iriin, aial Stone 
Bridge 'luist- 
Roof d T U e ‘ 

Cinn''ni’s Si e oiidal \ Stn^^e m Bi alge '1 no -e 

HelUi’ St re* sc* in .stun tnu - and llie Aieompam inj’ Deloni .ition 
Howe s Design o’" Siui] it Roof trus,es in Wood and Steil 

SMiumtiual Ma^'im*. Aula . .. 

Tre.ili .( on ,\rt lie * 

Johnson, Br \ .in .nvl '1 unu aiiti 's '1 h<*ory and I'lactiec ii: 

Modi rn FianinlStna Hire, 

Mcrnin.in •md T,u ol>\ ■. le\t be.ieik tin Roof** and Bridge . 

l’.»rt 1 SHe-,-e'. in Simple Tru*.*.e* 

B,irl H ( ir iplia. St d a * . . . 

I’ai till Bn-h'* De ign 

I'arl J\' 1 light 1 Stria lure' .... 

Monson ■> M-'inphi Bndge ^ • 

Seindenckci' (.tapha .Sl.Ua-, uUli .\pi -la alums to d ni ' 

An’nc- 

Wad'UH’s De 1 mtilm. Roi s* ’ book lo^ Bridge EngiiRtT* 

Spei ita alum lor Steel iHaigt-, 

■V^Caadtll and ll.irrnigtoon *• Bndg* Enginet'iing (In B-eparatam ■ 
Wnght’b Dc .gmng ot Diav- pans Two pait., in i-rie \olume S^o, 


the 1 >« igiiing ol 
vSmall *Ho, 


S\o, 
. .S^ o, 


( (liloiig tto 
Be nils, ail' 


d 00 
10 00 
:> 00 
.3 .do 
2 do 
2 dll 

2 do 

;5 00 
2 00 
2 do 
1 00 

10 oo 

2 do 
2 dO 
2 .do 
2 .do 
10 00 


Hmio m >1 
. . 1 Jmo, 


! 00 
: 00 
do 


TTVDRAl’LB S 


Barney's lee FV.rmatam 
Bazin’s Esiieninent^ npon tlu* t ■mtra 
;ni OrOa i l rraiitume * 
Bei\e\ sd'reatra’im llMlianlu* 
Church’s Diagram- eil Mean delete it 


)t Wat el in Op 


1 t_ h.inne Is 

Oblong H(> 


l-ap'-r. 


Hvdranht Meiteir- 

CoiTin’s Graphual Se.hitam ot Ihdraiilu iToblenn 
Blather’s Dvnaniomelei and the Measnrenunt .d Roccei 
Folwell's Watei snppK Engineering 
FrizeU’s Water-pence r 
Fuertos’s Water ami Rublu Health 

C.encral Formula tV - tlu f '.''*'’’'"; 

Rivers ami Other Channels. (FIcnng and irautwine ) Sco 


S» 

lOuio, uior 
. . . . 1 2mo, 

. . Svo, 
. Svo, 
... ] 2nu), 
12nie), 


3 00 

2 00 
d 00 

1 dO 

2 00 

2 dO 

3 00 

4 00 
d 00 

1 dO 

2 dO 

4 00 



Hazen’s Clean Water and How to Get It Large 12mo. $l 50 

Filtration of Public Water-supplies Svo, 3 00 

Hazelhurst's Towers and Tanks for Water-works 8vo, 2 50 

Herschel's 1 15 Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits 8vo, 2 00 

Hovt and Grover s River Discharge 8vo, 2 00 

Hubbard and Kiersted’s Water-works Management and Maintenance 

Svo, 4 00 

* Lyndon’s iJevelupmcnt and Electrical Distribution of Water Power 

Svo, 3 00 

Mason’s Water-supidv (Considered Principally from a Sanitary Stand- 


point ) Svo, 4 00 

Mernman’s Treatise on Hydraiilits ... Svo, 5 00 

* Mohtor’s Hvdraulits of Rivers, Weirs and Sluice Svo, 2 00 

* Richaids’s Laboratory Notes on Industrial Water Analysis Svo, 50 

Schuyler’s Reservoirs for Irrigation, Water power, and Domestic Water- 

suppl> Second ICdition, Revised and Enlarged Large Svo, 6 00 

* Thomas and Walt’s Imiirovement of Rivers 4to, 6 00 

Turneaure and Russell’s Publii Water supplies Svo, 5 00 

Wegmann’s Design and Construction of Dams 5th Ed , enlarged .... 4to, 0 00 

Water-vSupply of the City of New li'ork from 1G58 to 1805 4 to, 10 00 

Whipple's Value of Pure Water Large 12mu, 1 00 

Williams and Hazen’s Hydraulic Tables Svo, 1 50 

Wilson's Irrigation Engineering Svo, 4 00 

Wood’s Turbines Svo, 2 50 


MATERIALS OF ENGINEERING. 


Baker's Roads and Pavements Svo, 5 00 

Treatise on Masonry Construction Svo, 5 00 

Black's United Stales Public Works Oblong 4to, 5 00 

Blanchard's Bituminous Roads (In Press ) 

Bleminger’s Manutaiture of Hydraulic Cement (In Preparation ) 

* Bovev’s Strength of Materials ami Theory of Structures Svo, 7 50 

Burr's Elasticity and Resistance of the Materials ot Engineering Svo, 7 50 

Byrne’s Highway Construction Svo, 5 00 

Inspection of the Materials and Workmanship Employed in Construction. 

16mo, 3 00 

Church's Mechanics of Engineering Svo, 6 00 

Du Boi'-’s Mechanics of Engineering. 

Vol I Kinematics, Statics, Kinetics Small 4to, 7 50 

Vol II. The Stresses in Framed Structures, Strength of Materials and 

Theory of Flexures Small 4to, 10 00 

* Eckel's Cements, Limes, and Plasters Svo, 6 00 

Stone and Clav Products used m Engineering. (In Preparation.) 

Fowler’s Ordinary Foundations 8vo, 3 50 

* Greene’s Striu tural Mechanus 8vo, 2 50 


* Holley’s Lead and Zme Pigments Large 12mo, 

Holley and Ladd’s Analysis of Mixed Paints, Color Pigments and Varnishes. 

Large 12mo, 

Johnson’s (C M ) Ra[)i(l Methods for the Chemical Analysis of Spei lal Steels, 

Slecl-makmg Alloys and Graphite Large 12mo, 

Johnson's (J B ) Materials of Con strut tion Large. Svo, 

Keep's Cast Iron Svo, 

Lanza’s Applied Mechanics Svo, 

Mairc’b Modern Pigments .and their Vchulcs 12mo, 

Martens's Handbook on Testing Materials (Henning, j 2 vols Svo, 

Maurer’s Technical Mechanics 8vo, 

Merrill's Stones for Building and Decoration Svo, 

Merriman’s Mechanics of Malenals Svo, 

* Strength of Materials . 12mo, 

Metcalf’s Steel. A Manual for Steel-users 12mo, 

Morrison’s Highway Engineering Svo, 

Patton's Practical Treatise cm Foundations Svo, 

Rice's Concrete Block Manufacture Svo, 


3 00 

2 50 

3 00 
6 00 
2 50 
7 50 
2 00 
7 5f) 

4 00 

5 00 

5 00 
1 00 
2 00 
2 50 

6 00 
2 00 


8 



Richard'ion’s Modern Asphalt Pavements . . . .Svo. $3 00 

Richey’s BuiUhug Forecian's Pocket Book and Ready Reference lOrno.nior 5 00 

* ('ement Workers’ and Plasterers’ Edition ^Bmldmt' Mechanics’ Ready 

Referenci Scries) . Himu, mor J 50 

ll.indhook for Superintendents of Construction lOino, iiior 4 00 

* Stone and Brick Masons’ Edition ( Huildinn Mechanics’ Ready 

kefereiu e Senes) . . . Ifnno mor I 50 

* Ries’s Clays Their (J« ( urrence. Properties, and lUes Hvo, 5 00 

* Ries anil Lcpjhlon’s History of the Clay-workirif' Industry of the I’nitcd 

State- Svo ‘J 50 

Sabin’s Industrial and Arli^tu TechrioloRV of Paint and Varnish S\o. 3 00 

Smith’s StreiiKth of Material . .iL'mu, 

Snow ’s Principal Sjn-I les of Wood . . . . S\o, 3 5{) 

Spalding's Hvdraulu ('ement .... . 1 L’mo. 2 00 

Text-1 )ook on Ro.uis and Pavements . I Jmo, 2 00 

Tailor and Thomjison s 'IViMtise on ('om rete. Plain and Reinloneil Svu, 5 00 
Thurston’s Materials of Enpineennjr In Three Part-. . S\o, S 00 

Part I Non-metalhi M.itenals of Eni'inccnny ami Metallurjiv . Svo. 2 00 
Part II Iron and Steel . . . . Svo, 3 50 

Part HI A Tnsiiise on Bras' e*s, Bronzes, and Other Alloys and their 

Constituents ... . S\o, 2 50 

Tillson’"- Street Pa\ements and Pa\in(^ Matciials . . .Svu, t 00 

Turneaure and Maurer’s Pnm iples of Remiom l (.'om reto Constriu tiun. 

Set Olid Edition. Re\ ised an«l Enl.irKC' . ■ Hvo, 3 50 

"Waterbure s ('eineiit Laboratory Manual 12mo, 1 00 

Wood's fl)(' V ) Treatise on the Rc'sist.inc'e of M itenals, and an Aiipendix on 

the Preservation of 'ritnber . Svo, 2 00 

Wood’s (M P > Riistk“.s Coatiny. Co rosi m and Elcetrolvsis of Iron ami 

Steel Hvo, 4 OC 


RAILWAY ENCINEKRING. 


Andrews’s Handbook {o’* Street Raihvay k'n^imeers 
Berji’. Buil-hnp> ami Strut tuies of Ament an R.ulroads 
Brooks’s H.imlbouk ol Street Railroa<l Lot ation 
Butts s Civil ICnirint'cr's Field book 
Crandall Railway and (Jther Earthwork Tables 

Tr.insition Cure e . . • -• lOmo, mor. 

♦Croekell Methods for Lartliworl' CompiU.it mn . . Svo, 

Dredue’.s 111 .torv of the I'eimsvlvania Railroad (ISTO). . . Papt'i 

Fisher’s T.iblc of ('iibic Ya''d> . • . .( ardboanl, 

Godwin . Railr ).td Ermim ei h'lel.l book and Explorers' (.uide Hiino, iror. 
lludstm’' T.ib]es lor ( .dc ulatmir the Culm ( onlenls ol Excavatmns and Em- 
b.inknients . Hvo, 

Ives and 1 Lit s’s Problems m Survev mt'. Railroad Sui vc> mt' and Getxlesy 

IGmo, nvir. 

Mohlor and Beard’s Manuid lor Resnlcnt Eiupneei . Ifimo, 

Mai’le’s Field M.inu.i! lor Railrtiad Ibipanett Itmio, mor. 

♦ I )rrock s Raihoad Stnu lures and Estuii.ite . H\o, 

I'hilbnck’s Field Manual tor Enjcineeis . - lOnm. mor. 

Ra\mond’' R.ulniad hnsmeeriiiK 3 vohm '-s 

Vol 1 Railroad Field (icomctrv (Li Prei Mt.oii I 

Vol 11 Elements tit Radro.i<l ICnKineentiii Hvo, 

Vol III R.ulro.id Engineer’s Fiel.l Book ' In Pn pai ation i 

Searles s Field Ivnpineerini’ • lOrno, mtir. 

Kailroatl Spiral . ^ Pmio. mor. 

Tavlor's Pnsrnoitlal Formuke and Earthwork . • • ' ' • * ‘ ‘ 

♦ frmitwme’s Field Piactice ot Laiinp Hut ( irc ul.ir ^ urves lor Railroads. 

12mt). mor. 

* Methoil of ('akulatinp the ('ubit Content' of l’.-.vcavatmns and Em- 
bankments by the Aid of Di.mrams . . .... . . ■ - Hvo, 

Webb’s Economus t,f kailmad Construe non 

r.ai.triiMu.n . - Ibmo. mor. 


» inches, mor. 
. . . Ito, 

It’mit), mor 
. Khno, mor. 


lOrno, mor. 
Pimo, mor. 
.. . .Hvo, 


Webb’s Econom 


Railroad Construction 


Welliimton’s Economic Theory of the Lot ation of R.ulways Large I2n 
Wilson's Elements of Railroad-Track an 1 ( onstrm non l-iii 


1 25 
5 UO 

1 50 

2 50 
1 50 

1 50 
: 50 
5 00 

25 

2 50 

1 00 

1 50 
1 00 

3 00 
3 00 
3 00 


3 50 

3 00 
1 60 

1 50 

2 50 

2 00 
2 50 

5 00 

6 00 
2 00 



DRAWING. 


Barr’s Kinematics of Ma( hincrv Rvo, $2 60 

• Bartlett’s Mechanjcal Drawing; . . Svo, 3 00 

♦ “ “ " Abridged E«1 fivo, 1 60 

Coohdge’s Manual of Drawing 8vo, p'lPPri 1 00 

Coolidge and Freeman’s Klcments of (icneral Drafting for Mechanu-al Engi- 
neers . . . . Oblong 4 to, 2 60 

Durley’s Kinematics of Mat bines 8vo, 4 00 

Emch’s Introduction to Frojti live Oeometry and its Application Svo, 2 50 

French and Ives’ Stereotomy . . 8vo, 2 60 

Hill’s Text book on Shatles and Shadows, and I’ersiicctivc Svo, 2 00 

Jamison's Ad valued Met hann ul Drawing Svo, 2 00 

Elements of Mechanical Drawing Svo, 2 60 

Jones's Machine Design 

Parti Kinematu s of Machinery Svo, 1 60 

Part II Form. vStrength, and Proportions of Parts Svo, 3 00 

Kimball and Barr’s Mathine Design (In Press ) 

MacCord’s Elements of Descritpive (Iconietry Svo, .3 00 

Kinematics, or. Practical Mechanism Svo, 5 00 

Mechanical Drawing 4 to, 4 t)0 

Velocity Diagrams Svo, 1 50 

McLcofl’s Dcscriptn e Geometry Large 12mo, 1 60 

* Mahan’s Dcst riptivc Geometry an<l Slone t utting ...Svo, 1 60 

Industrial Drawing ('I'hompson J Svo, 3 60 

Moyer’s Descriptive Geometrv.. . Svo, 2 00 

Reed’s Toiiographical Drawing and Sketching Ito, 6 00 

Reid's Course in Mechanical Drawing . Svo, 2 00 

Text book of Mechanual Drawing and IvIcnK'ntary Machine Dc'agn H\o, .3 00 

Robinson's Print ipies of Mechanism .. Svo, 3 00 

Schwamb and Merrill’s Elements of .Met lianistn Svo, 3 00 

Smith (A ) and Marx’s Maihinc Design Svo, .3 00 

Smith’s (R S ) Manual of Tt.t>ographical Drawing (Mt .Mdlan) . Svt<, 2 60 

* Titsworth’s Elements of Met hanii al Drawing DblongSvo, 1 26 


'W’arren's Draltmg Instruinenls anti Oiicrations. . . . ... 12nu), 1 26 

Elements of Dost riptiv’c; Geometrv, Shadtiw’s, ano Pcrsiiecliv c Svt), 3 60 

Elements of Machine Conslriu lion uml Drawing Svo, 7 60 

Elements of Plane and Solid Free-hand Geometnt al Draw ing 12mo, 1 00 

General Problems of Shades and Shatlovv.s . . . .Svo, 3 00 

Manual of Elementarv Problems m the Linear Perspective of Forms and 

Sha.iow 12mo. 100 

Manual of Elenientarj Projection Dr.iw mg 12ino, 1 60 

Plane Pi tiblems in Elementary Geometrv 12nio, 1 26 

Problems, Theorems, and Exanu'les m Descriptive Geometrv Svo, 2 60 

Weisbach's Kinematics and Power of Transmission (Hermann and 

Klein ) 8 VO, 6 00 

Wilson’s tH M ) Topographic Surveving 8vo, 3 50 

* Wilson’s (V T ) Descriptive Geometry 8vo, 1 50 

Frec-hanti Le' tering 8vo, 1 ()() 

Free-hand I'ersiicctive . 8vo, 2 50 

Woolf's Elementary Course m Descriptive tlcometry Large Svo, 3 00 


ELECTRICITY AND PHYSICS. 

♦ Abegg’s Theory of Electrolytic Dissociation (von Ende ) 12mo. 1 25 

Andrews’s Hand-book for Street Railway Engineering.. . .3X5 inches, mor. 1 25 

Anthony and Brackett’s 3'exi-book of Phvsics (Magie ) . .Large 12mo, 3 00 

Anthony and Ball’s Lccturc-nolcs on the Theory of Electrical Measure- 
ments 12mo, 1 00 

Benjamin’s History of Electncity 8vo, 3 00 

Voltaic Cell Svo, 3 00 


10 



Betts’s Lead Refining and Electrolysis 8vo, 

Classen s O'Ja.ntitativc Chemical Analysis bv Electrolysis (Boltwood ) Svo, 

* Collins s Manual of Wireless Telegraphy and Telephony 12mi), 

* Mor. 

Crehore and Squicr’s Polarizing Photo-chronograph Svo, 

* Danneel's Electrochemistry (Merriam ) ... .. Unu), 

Dawson’s " Engineering" and Electric Traction Pocket book . Ifinio inor 
Dolezalek s Theorv of the Lead Act umulator (Storage Balleryi. (vcni liride • 

1 JlllO, 

Duhern’s Thermodynamics and ('heniisiry { Burgess ! . . S\(., 

Flathc'r’s Dynamometers, and the Measurement of Power . 12mo 

Getman’s Introduc tion to PhvsRal Science . 12mo, 

Gilbert’.^ Do Magncte (Mottclay) S\o, 

* Hanchef I ’s Alternating { urrents . . . IJnui, 

Hcrmg’s Ready Reference Tables (Concersion Factors) ... irmio mni 

* Hobart and Ellis’s High speed Dyn.imo Electric Machinery. . S\o 

Holman’s Precision of Mcasurcmc’nts . S\o, 

Tch'scopit' Mirior-st ah' M('thc»d, Adiustmcnt anil 'Icsts I.argc ‘n' o, 

* KaraiieinlV , E.spcnmcnt.il lihctncal Ihigiiwctii.g . . . S\n, 

Km/brunner's 'jc'ling of ('oiUinuou iirrc-nl Mac In u" S\o, 

Landauc r’ ' Sjit'c Iruin .AiiaK'i ('lingk ) Syo, 

LeCh.itchir s liigli fcmpciMiiire Mcasiiicmin ( ihui'lcniard -Buige'.s 1 1 _hn< 
Jaib’s Elec IKK hcmi'itrc ot (lig.um ('ompoimii cEoienz) S\o, 

* Lyndon’' Dc \ c lo]>nK'nt am! IClc*c trnal Distf’ nt on of Watc'r I’owrr 8\o, 

* L winds Tiealisc on Elec trom.igiieiK 1 cnonuna Vow. 1 nndll S\o,taih, 

* Mif hi! 's Flemenls of Wa\t' Motion Relating t< Senmd andLig'l.t 

Moigan’ t'tnt'me of ilu' 'I’heorN ofSolnccon ui'iit Re'su’is . IJmo. 

* Ph\ . 1 ! a) Chc'ine.tr'' fi ir Eh'( trie ,d ICngmc'cr- .... . IJmo, 

* Xoriis s Inliodnc hon to the Study of Ihet trie al I'lignn't nnj; Sno, 

Ncjrri ami Denm .on’ Cour e n) Piciblemson llit Elec trie ril Ch.iracteri'.tics <,it 

Circuii'- and Machine- (In Pit'" ) 

* Parsliall .end Hob It t’- Eln'in M.u lime Desig.n . .. It >. hilf nior, 

Reagan’'. Locomotuc tang le, Compoinid. ami Electric Mc-a Edition 

Large Idrno, 

* Roser !)ei g’ - Elc c irical Engineering ( Haldane Gee - Km bnimicri S\o, 

Ryan, \orri‘, .iml Ilosies Lice trical Maelum.‘iy \ ol 1 . . S\(.», 

Sc haiipc r' , l^,i)»oia(or\ Guide lot Student- in Phy n al Chenm tr\ . IJmo, 

'J illiiian’'- Ell mentar\ Lc's oir m Heat S\o, 

Tory and Pitclier’> Manual of Laboratury Pkc'.n . La’^gc IJmo, 

Hike's Modern EU'ctrolvtic (.uiiiier Refining S\o, 


S4 00 
d 00 

1 50 

2 00 
3 00 

1 25 
5 t)0 

2 50 
f 00 

3 00 

2 50 
1 0(1 

2 50 
i; (10 
J 00 

(> 00 
2 00 
.{ 00 
I, 3 00 

3 00 
3 00 
0 00 
I oo 
1 00 

1 50 

2 50 


IJ 50 

3 50 
2 00 
J 50 
J 00 
1 50 
J 00 
3 00 


LAW. 


♦Brennan's Hand-book of Useful Lc-gd Information for Bn mes--- Men. 

](>n.i., mor. 

♦ Dums's Ele nent ' cif L.tw , . . . ••• Svo, 

* Ireaiia on the Military Law of United nt.ilc's . Hvo, 

* Dudley's Militar\ L.iw and the Procedure ■{ Courts martial .l.argc- 1 2mo, 

Manual tor t oni t --martial . . - , . Ifhi.o, imjr 

Wait's Engineering and Arc lute, tar.il Jun-.priidcnec 

Shi ( p, 

Law of Contracts 

Lave of Oiierations Preliniinar\ to Construction m Itng cciing rnc] 
Architecture 

Shwep, 


5 00 
2 50 
7 00 
2 50 
1 50 
n 00 
f'l .50 
A 00 

5 00 
5 50 


MATHEMATICS. 


Baker’s Elliptic Functions 

Bnggs's Elcnicmtsof Plane ;\nalvlic ^.eomclr^ 
* Buchanan's Plane and Spherical Trigonc.rm 
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(III .chert .... 


Svo, 1 50 

12mo, 1 00 

K\o. 1 00 



Byerley’s Harmonic Functions 8vo, $1 00 

Chandler's Elements of the Infinitesimal Calculus ]2mo, 2 00 

* Coffin's Vector Analysis 12mo, 2 50 

Compton's Manual of Logarithmic Computations 12mo, 1 50 

* Dickson's College Algebra Large 12mo, 1 50 

* Introduction to the Theory of Algebraic Equations . , . .Large 12mo, 1 25 

Emch’s Introduction to Projective Geometry and its Application Kvo, 2 50 

Fiske's Functions of a Complex Variable 8vo, 1 00 

Halsted’s Elementary Synthetic Geometry Svo, 1 50 

Elements of (ieometry Svo, 1 75 

* Rational Geonietrv 12ino, 1 50 

Hyde’s Grassmann’s Space Analysis Svu, 1 00 


•Johnson’s (J. B ) Three- place Logarithmic Tables: Vest-pocket .size, paper, 15 

100 cojnes, 5 00 
* Mounted on heavy cardboard, 8X 10 inches, 25 
10 copies, 2 00 

Johnson’s (W. W ) Abridged Ethtjons of Differential and Integral Calculus 

Large 12nao, 1 vol. 2 50 


Curve Tracing in Cartesian Co-ordinates 12mo, 1 00 

Differential Equations 8vo, 1 00 

Elementary Treatise on Differential Calculus Large 12mo, 1 50 

Elementary Treatise on the Integral ('alculus .Large 12mo, 1 50 

♦ Theorctu al Mechanics .. . 12mo, 3 00 

Theory of Errors and the Method of Least Sijuarcs 1 2mo, 1 50 

Treatise on Differential Calculus Large ]2mo, 3 (X) 

Treatise on the Integral Calculus Large 12mo, 3 (K) 

Treatise on Ordinary and Partial Differential Eijuations . .Large 12mo, 3 50 


Karapetoff s Engineering Applications of Higher Mathematics. 

(In Preparation.) 

Laplace’s Philosophical Essay on Probabilities (Truscott and Emory.) . 12mo, 2 00 
• Ludlow and Bass’s Elements ol Trigonometry and Logarithmic and Other 


Tables 8vo, 3 00 

* Trigonometry anil Tables [lublishcd separately Each, 2 00 

* Ludlow’s Logarithmic and Tngonotnelnc Tables .Hvu, 1 00 

Macfarlane’s Ve< tor Analysis and Ouaternions Kvo, 1 00 

McMahon's HyperlKiIa Fum lions . 8vo, 1 00 

Manning’s Irrational Numbers and their Representation by Sequences and 

Senes ... . 12mo. 1 25 

Mathematical Monographs Edited by Mansfield Mernman and Robert 

S Woodward Octavo, each 1 00 


No 1 History of Mo<iem Mathematics, by David Eugene Smith 
No 2 Synthetic I'roiei tive Geometry, by George Bruce llalstetl. 

No 3 Determinants, by Lacnas Giffonl Weld. No 4 Hyper- 
bolic Functions, b\ James McMahon No 5 Harmonic Func- 
tions, bv William E Byerly No G Grassmann’s Space Analysis, 
bv Edward W Hyde No 7 Probability and Theory of Errors, 
by Robert S Woodward No 8 Vector Analysis and Ouaternions, 
by Alexander Macfarlane No 9 Differential Equations, by 
William Wuolscy Johnson No. 10. The Solution of Equations, 
by Mansfield Merriinan No. 11. Functions of a Complex Variable, 
by Thomas S Fiske 

Maurer’s Technical Mechanics Svo, 4 00 

Merriman’s Method ot Least Squares Svo, 2 00 

Solution of Erjuations Svo, 1 00 

Rice and Johnson'.s Differential and Integral Calculus. 2 vols. in one 

Large 12mo, 1 50 

Elementary Treatise on the Differential Calculus Large 12mo, 3 00 

Smith's History of Modern Mathematics Svo, 1 00 

* Veblen and Lennes’s Introduction to the Real Infinitesimal Analysis of One 

Variable Svo, 2 00 

• Waterbary's Vest Pocket Hand-book of Mathematics for Engineers 

2^X5} inches, mor. 1 00 

Weld’s Determinants 8vo, 1 00 

Wood’s Elements of Co-ordinate Geometry .8vo, 2 00 

Woodward's Probability and Theory of Errors ,8vo, 1 00 


12 



MECHANICAL ENGINEERING. 


MATERIALS OF ENGINEERINr,, STKAM-ENGINES AND BOILERS. 


Bacon*'; For(?c Practice I2nu>, 

Baldwin's Steam I leatinn for Buildings rjntu, 

Barr’s Kinematics of Mac hincry . ... Hvo, 

* Bartlett’s Mechanical Drawing ... Svo, 

* “ “ “ Abndgcil Ed . . . Hvn, 

* Burr’s Ancient and Modem Enginceiiiig and (he Isthmi.in Canal , Hv<», 

CarjienlcTs F.xiicrnnental Enginc‘c*ring . Svu, 

Heating and Ventilating Jiinldings .. , . ... . . S\o, 

('lerk’s Gas and Oil ICngine (New eihtion m jiress ) 

Conii)ton's I'lrst Lessons m Metal Working .... 12nio, 

('onipton and I)c‘ (iroodt ’s Spca'il Lathe .. PJnio, 

Coohdge’s Manual of Dr.iwing , . . . . . Sst), papet , 

Coulidge and Frec'man's Elements c»f Oeenral Dratlmgfoi Mcvhanical Ihi- 

ginet'rs . . Oblong Ito, 

Cromwell’s Treatise on Belts and Pulleys 1‘Jtno, 

Treatise on Toothed Cu'anng 12tno, 

Dingey’s M.uhiTU'r\ PattcTji Making 12mo, 

Durley’s Kinematusof Mac’hines 8vo, 

Flanders’s Gear ( uttmg Ma( hmery . . . Large 12mo, 

Flather’s Dvnaniomettrs and (he Mca'ur' met ( of Power . . ... 12ino, 

KopeDming . . . 12mo, 

Gill’s Gas and I'uel Anahsis for Engiiu’crs I2nin, 

Goss's Lo» oniotivc S[»arks Svo, 

Grecni*’ . Pumping Machmciv (In I'rcparation ) 

Hering’s Ready Retereiuc 'J al>le.-. (Conversion Fa« torsi . . Kimo, mor, 

* Hobart and Ellis’s High Sjued l)>nanio Klcs tru Machmerc , S\o, 

Hutton’s I .as I’higme . Hvo, 

Jamison’' A<l\an<c‘d Medi.inual Drawing .S\o, 

iClemi'iils ot Mechanical Drawing S\o, 


Jones’s G.is I'aigme .... .Hvo, 

Machine' Design 

I ’art I . Kinematics of Mac hinerv Hvo, 

J’art II Form, Sticngt'i. icid Propoi tions c-f I’arts H\o. 

Kent’s Mechanu al hhigniec-i 's Pocket Book lOmo, mor 

Kerr’s I’ower and I’owcr 'I ran* mission Hvo, 

Kimball and Barr’s Mac lime D'* igii (In Press ) 

Lc\in'sGas Ihiginc (In Picss > f<\o, 

Leonanl’s M u lime Shop Tools and Methods Hvo, 

* ].nn-ii/ s Mod. rii Rc-lngeratmg Machmerv (Poi.c, Haven, and Deanh . Hvo, 

MacCoid s knumatic , or. Practical Mechanism Hvo, 

Mechanual Drawing '^hi, 

Velocilv Diagr.im. .. • 

MacFarland's Standard Rcluction J-a. lots fm (.a.es S',i), 

MahaIl'^ industiial ]»*-a.\ing ' ■ 

Mehrteris's Gas lingmc Theory and Dcsi},'n . . . .... Laige l2mo. 

Oberg's Handbook ol Small Tool ... . . .Larg* 12 lo, 

* Paishall and Hobart's Electric .Mac bine Design SniJl Ito, half leather, 

I’eelc 's ( ompiesst'd Air IMant for Mine 

Poole’s Calonlie Power of Fuck . 

* I’cjrter’s Engmi*enng Rcmiinia en* e 1855 to 1HH2 Hvo, 

Reid's Coura* m Mechanical Drawing «vo. 

Text book of Mechanical Diawing and Elementary Maehine Design Hvo, 

Richards’s Compressed Air 12mo, 

Robinson’s Priinndcs of Mechanism Hvo, 

Bchwamband Mc'rnU’s Elements of Mechanism Hvo. 

Smith (A \V ) and Marx’s Machine Deiign Hvo. 

Smith’s (()) Press-working ot Metals . .. ... ... -.Hvo 

Corel’s Cirburet mg and Combustion m Alcohol Engines. (Woodward and 

Vrc*ston)’ Large J2mo, 

Stoiie'b Practical Testing of Gas and (-as Meters Hvo. 

i:] 


Hvo, 

(Woodw'ard and 
. . . .Large 12mn, 
Hvo. 


Si riO 
2 50 
2 .50 
00 
1 50 
:i 50 
l> 00 
1 00 

1 50 

1 .50 
1 00 

2 50 
I 50 

1 50 

2 00 

4 00 
:f 01) 

00 
2 00 

1 25 

2 00 

2 50 
0 00 

5 00 
2 00 
2 50 

4 00 

1 50 

5 00 
f) 00 

2 00 


4 00 

4 00 

5 00 

4 00 
1 50 

1 50 
:i 50 

2 50 
00 

12 .50 

5 00 
:i 00 

00 
2 00 
[i 00 
1 50 
0 00 
0 00 
[i 00 

3 00 

3 00 
3 50 



Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics. 

12mo, $1 OO 

Treatise on Friction and Lost Work in Machinery and Mill Work. . .8vo, 3 00 


* Tillson’s Complete Automobile Instructor 16mo, 1 60 

Titsworth's Elements of Mci'hanical Drawing Oblong 8vo, 1 26 

Warren's Elements of Macbmc (Construction and Drawing 8vo, 7 50 

* Wuterbury’s Vest Pocket Hand-liook of Mathematics for Engineers 

2JX52 inches, mor. 1 00 

Weisbacli’s Kinematics and the Power of Transmission (Herrmann— 

Klein ) Hvo. 6 00 

Maihinery t)f Transmission and Governors (Hermann- Klein )..Svo, 5 00 

Wootl’s Turbines 8vo, 2 50 


MATERIALS OF ENGINEERING. 


* Povev’s Strength of Materials and Theory of Stnic lures . . . K\o, 7 50 

Ibirr’s ICIastu it V and Resislani e of the Materials of Engineering .. . K\n, 7 .60 
Church's Mei h, mu s of ICngmeermg . . . 8\o, (i ()() 

* Greem>'s Slim lural Met harms ... . . .Hvo, 2 .60 

* 1 lollec 's Lc.id and Znie Pigments . . . Large liino 3 00 

Hollc) and Ladd’s Anahsisof Mixed I’.unts, Color T’lgments, und Varnishes 

Large 12ino, 2 50 

Johnson's (t’ M ) Rai'id .Methods for the Chemical Analysis of Spi'cial 

Sleds, Sled M.ikmg Allovs .uid Graphite Large 12mo, ()() 

Johnson's ( f 11 ) Materials of Conslnu tiori ... ... Sco, ti 00 

Keef) s Cast Iron • . • 8vo, 2 .60 

L:iri?a’s Ai'phed Mtdranus S\o, 7 50 

Maire's .Modern Jhgmenl and their Velnrles . . .. iJnio, 2 00 

Marten^ . Handhoolv on 'le‘ ling, Matcn.il (llennmg). . . Hen 7 .60 

Maun r's Tediim al Mcihanus . Hms 1 01) 

Meirim. in's Medianii s of Material' . . 8\o, .6 00 

* Strength ot Materials .. IJnio, I 00 

McLcall's Stei'l A Manu.il for Sled users ... . J2mo, 2 00 

Sabin's finlustT in I and Arliau Te< hnology of I’.imt .m<I Wiinish . . Sen, ,‘l IU> 

Smith's ((.^ W 1 Maieri.ds of M.'u hines ., .. Unm, 1 00 

Smith's (H r. ) Strength of M.itenal . . IJmu. 

Thurston''; .Malt'riaL of Engineering . 2 voL , Seu, K 00 

I'art I Non metnllu Materials of Engineering Svo, 2 00 

Part II Iron and Stei’l • • Seo, 3 50 

Part 111 A Tre.ilise on Brasses, Bron/es, and Other Allo\'. and their 

Constituents . . S' o, 2 50 

Wood''- (De V ) I'h ments of Analvlual Me< lianu ' S\'i, 3 00 

Treali';e on the Rc.Mslanie of Materials ami an Appendix on the 

Prcser\.ition ot Timber .. . Sen, 2 00 

Wood's (M I' ) RustU'ss Coating's Corneion an-l Elettrohsis of Iron .md 

Sled Hvo, -1 00 


STEAM-ENGINES AND BOILERS. 


Berry’'! Temperaturp-entrnpy Diagram .. 12mo, 2 00 

Carnot'.s RcHeclions on the Mfitivc Power of Heat (Thurston) ....12mo. 1 50 

Chase's Art of Pattern .Making 12mo. 2 50 

Cre'ighlon’'! Ste^am-engme and other He.it M<»tors Seu, 5 00 

Dawson's “ Engineering ” and Elcctru Traition Poeki't book ...Itiimi, mor 5 00 

Ford's Boiler Making tor Bt;ilcr Makers IHino. 1 00 

* Gebhardt’s Steam Power Plant Enginecrmg S\o, 6 00 

Goss's Locomotive 1‘erfornianie . Svo, S 00 

Henienway’s Indieatfir Prat tiee and Sti'am engine Leomnne ]2iiu). 2 00 

Hutton’s Heat and Heat-engines . . Svo, 5 00 

Meehanual I'mgmecnng of Petwer Plants . . Svo, 5 00 

Kent's Steam boiler Economy Hvo, 4 00 
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Kneass's Practice and Theory of the Injector 8vo. $1 50 

MacCord’s Slide-valves 8vo, 2 00 

Meyer’s Modern Locomotive Construction 4to, 1() ()() 

Moyer's Steam Turbine 4 00 

Peabody’s Manual of the Steam-engine Indicator 12nu). 1 50 

Tables of the Properties of Steam and Other Vapors ami Temperature 

Entropy Table .Svo, 1 00 

Thermodvnamus of the Steam-engine and Other Heat-engines . . .Svo. 5 00 

Vnlve-gears for Steam-engines S'-o 2 50 

Peabody and Miller’s Steam-boilers . , . . Svo, 1 oo 

Pupin’s Thcriiiodynanncb of Reversible Cycles in Gases anil Saturated Vapors 

(Osterberg ) . . l2mo. 1 25 


Reagan’s Ivotomotives. Simple, Compound, and Electric New Edition 

Large 12nio, .d 50 


Siru lair’s Loiomotivc Engine Running and Management I2mu. 2 0(1 

Smart’s Handbook of Engineering Laboratory Praetiee .. ... 12nio 2 50 

Snow’s Stcain-boilei Practii'e Sno, .d on 

Spangler’s Notes on Thermoilynamits 1 21110 , ] Oil 

Valve-gears . . Sxo, 2 50 

Spangler, Crrecnc, and Marshall’s Elements of Steam-* ngmeernig . . S\*o d 00 

Thomas’s Steam- tui bines .. . . S\o. 4 00 

Thurston's Handbook of Engine and boiler Trad >, vui-d the Us<‘ of lli<* indi- 

I'ator and the Preiny brake Svo, 5 00 

Handy 'I'ahli's Sio 1 50 

M.iniial of Steam hoileis. their Design .Con-tructnm, an>l < )pe lation .S\ o, 5 00 

Manual of the Stesini-engine 2i.(l. Sio ]0 00 

Part I He tori’. Structure, and Theory K\o, H 00 

Part n Design, < ons^ruetion, and Opiratiem Svo, 1} ()() 

Steam-boiler Esplosions in Theory and 111 Prai til e . .. .12niu, 1 50 

Wclireiilenmiig’s At.alv-.is and .Softenuig eif boiler Peed watei. (bal terson) 

Svo. 1 00 


Weisbai. li’s Heal, Steam, ami Misuii-e'iigincs (Dtiboi.) Svo 5 00 

Whitham’s Steani-eiigmc Dt'sig.i .. Svo, 5 00 

Wood’s Tiicnuodyuamico, Heat -Motors, aiul Refrigerating Mae him -. , .Svo, 1 00 


MECHANICS PURE AND APPLIED. 


Church’s Meeliariu s ol Engineering Svo, 6 00 

Notes ami ifxanii'ies m Mee hame . Svo. 2 (K) 

Dana’s Ii \t book 1)1 i'.u na’iit ii \ Mee haiiies lor College's an*! Se liools 12mo, 1 50 

Du bens s J'lenicnlai'v 15 im iple> . 1 Me''ehani< s 

\ o’ I kinenmlii ... S\ o. d 50 

\ (,1 II Stain S\o, 4 00 

Me'ehaniisol Lngimeriiig \ ol 1 . Sm'ill Itu, 7 .50 

\o! 11 S'liai: Ito, 10 00 

* (jiee’iK ' . Stnu luial Mei li iiiie s . . .... s.u, 2 50 

Janie ,'s Kineinatie.- of a I'omt ami the Rational .M* hanies e»t a I'uln !< 

Lain l2’i.o, 2 00 

♦John on's (W W 1 Theoretual .Meehanu* ! 2 no .{ 00 

J.anm . Applied MMh.inie^ ^ ^ . 7 .->1) 

* Marlin’-, 1 1 ’M Jiook on -Meehanu . \’oi 1. Statle.^ ... l2mo. 1 2.5 

+ Vol i I. Kmemalu s an 1 Kinolu 12, ii* 1 ,50 

Mann 1 ' T 'I'ci lime al Mei liaiiie i . Svo 1 00 

* Merrnn.in Ideineiit ol Meiltanus 12 mio, J 00 

.Mee li.inu ol M.iltnal’- -- ...... . .Svo, ,5 00 

* Mu hu 's Lli ii.eiits ol Anaii lual .Mei liann.'i .. . . Svo. I 00 

Robinson’'. I'ntu iplcs of Mee h.ini'.m . . Svo. .{00 

S.inborn’-. Meehanu . I’roblem L.irgi' l2mo. 1.50 

Sehwanibaml Me in!l '. Llemeni ' ol Mtsluinmni .Svo. d 00 

Wood’s Llenients ol An. ilvtie.d Me < lunu '• Svo, d0(j 

Pniieiple'j ot ElenionlaTv Meehaiueo J2mo. i 25 
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MEDICAL. 


* Abderhaldcn’fs Physiological Chemistry in Thirty Lectures. (Hall and 

Defren ) 8vo, $5 00 

von Behring’s SuF>prcssion of Tuberculosis (Bolduan ) 12mo, I 00 

Bolduan's Immune Sera . 12rno, 1 50 

Bordet's Stufl.es in Immunity (C.ay) (In Press ) 8vo, 

Davenport's Statistual Mctlunls with Special Reference to Biological Varia- 
tions . ... 16mo, rnor. 1 50 

Ehrlich’s Collected Stmiies on Immumlv (Bolduan) 8vo, 6 00 

* Fischer’s Physiology of Alimentation .. Large 12mo, 2 00 

de Fursac’s Manual of Psythiatry (RosanofT and Collins) .. Large ]2mo, 2 50 

Hammarsten’s 'I'ext book on Physiological Chemistry. (Mandel ) ... 8vo, 4 00 
Jacksfjn’s Directions fur Lalxiratory Work in Physiological Chemistry .8vo, 1 25 

Lassar-f'ohn's I’ractual L'rinarv Analysis (Lorenz ) 12mo, 1 00 

Mandel's Hand book fur the Bio CheniK al Laboratory ]2mf), 1 .50 

* Pauli's Physical Chemistry in the Seryice of Me<hcine. (Fisihcr ),.12mo, 1 25 

* Pozzi-Escot’s Toxins and Venoms and their Antibodies. (Cohn ). . 12mo, 1 00 

Rostoski’s Scrum Diagnosis (Bolduan) 12mo, 1 00 

Ruddirnan’s Ineomiiatibilitics in Prescriptions 8vo, 2 0(> 

Whys in Pharmacy ... . 12mo, I 00 

Salkowski’s Physiological and Pathological (.hemistry. (Orndorff ) , . Svo, 2 50 

* Satterlee’s Outlines c>f Human Embryology 12mo, 1 25 

Smith’s Lecture Notes cm Chemistry for Dental Students 8vo, 2 50 

* Whipple’s Tyhpoid Fever . . Large ]2mo, 3 00 

Woodhull’s Notes on Military Hygiene 16mo, 1 50 

♦ Personal Hygiene 12mo, 1 00 

Worcester and Atkinson’s Small Hospitals Establishment and Maintenance, 
and Suggestions for Hospital An hitei ture, with Plans for a Small 
Hospital 12mo, 1 25 


METALLURGY. 


Betts’s Lead Refining by Electrolysis .8vo, 4 00 

Bolland’s Encyclopedia of Founfliiig and Dictionary of Foundry Terms used 

in the Practice of Moulding 12rno, 3 00 

Iron Founder 12mo, 2 60 

Supplement 12mo, 2 60 

Douglas’s Unlechnical Addresses on Technical Subjects 12mo, 1 00 

Goe.sel’s Minerals and Metals A Reference Book 16mo, mor. 3 00 

* Iles’s Leafl .smelting . , 12mo, 2 50 

Johnson’s Rapid Methods for the Chemical Analysis of Special Sleds, 

Steel making Alloys and Graphite Large 12mo, .3 00 

Keep's Cast Iron Svo, 2 60 

Lc Chatelier’s High- temperature Measurements. (Boudouard — Burgess ) 

12mo, 3 00 

Metcalf’s Steel. A Manual for Stccl-uscrs 12mo. 2 00 

Minet’s Production of Aluminum and its Industrial Use. (Waldo.). . 12mo, 2 50 

Ruer’s Elements of Metallography. (Mathewson) 8vo. 

Smith’s Materials of Machines. 12nio, 1 00 

Tate and Stone’s Foundry Practice 12mo, 2 00 

Thurston’s Materials of Engineering In Three Parts Svo, 8 00 

Part I, Non-metalhc Materials of Engineering, see Civil Engineering, 
page 9. 

Part II. Iron and Steel Svo, 3 60 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 50 

Hike’s Modem Electrolytic Copper Refining Svo, 3 00 

West’s American Foundry Practice 12mo, 2 50 

Moulders’ Text Book 12mo, 2 50 
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MINERALOGY. 


Baskervillc’<i Chemiral Elements. (In Preparation ). 

Boyd's Map of Southwest Virjpnia . . Pm kel 

♦ Bro\\ninj'’s liitrodut tion to the Rarer Elements 

Brush's Manual of Determinative Mmer.iloK> (I’enlield ) 
Butler’s Poekel Hand hook of Minerals . . . . 

Chester’s CalaloM:ue of Minerals 

♦ (.'rane’s (lold and Silver ... 

Dana’s First Apjiendix to Dana’s New “System of Mirieralot^v ’’ 
Dana’s Second Appendix to Dana’s New' “S>stem of Mineralop,\ 

Manual of MineraloKy and Petrot;raphv . . . 

Minerals and How to Study Them . 

System of Mineralogy . Lar^e S\o. 

Text -book of Mmeralot>v 

Doufilas's Unlechnual Adiiresses on Technual Subject! 

Eakle’s Mineral Tables 

Eckel’s Slone ami Clay Products Used m EnKine.nnp 
(iofsel'. Minerals and Metals A Referent e Boo. 

Crolh’s IntrodiK lion to Chemu al Cryst.illopr.iidiy (.Marshall 

* 1 hives’s llamlbook for Fic'ld (leolot'ists 
IddiiiKs’s Ujneoiis Rot ks 

Rock Minerals 

Johannsen’s Deternunation of Rmk forming Mim 

* Martin’s Laboralorv ('.iiide t<t Ouahtatue Anahsis 

pil>e 

Merrill’s Non metallic Minerals Their Ot cm rent t 
Stones for BinldiiiR and Decoration 


hook form 
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(In Preparation ) 


Tables of Minerals, Ini hiding the Use of MiieraK 
Dome* tic Prod 111 t ion 

* Pirsson’s Rck ks and Ro< k Minerals 

* Richards’s Sjnopsis of Mineral (Tiarat lets 

* Ries's Class 'I'heir Otciirrenie, Projicrti- s and Us(*s 

* Ries and Leighton’s llisttas of the Clas -woikiny fm 

States ... 

* Tillman'- Text-book oi Impori.iib Miner.ils ami Rot ks 

Washinylon’b Manual of the Chemical Analysis of Kotks bvo, 
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MINING. 


i’oeket 1 


1 

.ok ' 


* Beard’s Mine Gases ami RxpU-sions 

Boyd's Ma|> of Southw’cst Virt'inia 

* Crane’s Gold and Silver 

* Index of MimiiK EnKineennK Literature 

Douglas's Unteihnital Addresses on Technual Subjet ts 
Eissler’s Modern HiKh Expltisivcs 
(Toesel’s Mmeials and Metals A Referent c Book 
Ihlseim's Manual of MmiiiR 

* lles’s Lead Sniellm« 
peele’s ComT>rcssed Air Plant ftir .Mines 

Kiemer’s Shaft SinkinK Under Dilheult Conditions (t orninj- ami Peele) 

* Weaver’s Military Explosives 

Wilson's He draulie and Plaecr Mining 2d e lition. --written 1 

Treatise on Prattical and Theoretical Mine Ventilation . . 1 
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SANITARY SCIENCE. 


Association of State and National Food and Dairy Departments, Hartford 


Meeting. 1906 8vo, $3 00 

Jamestown Meeting, 1907 8vo, 3 00 

* Bashore's Outlines of I’raetical Sanitation ]2mo, 1 25 

Sanitation of a Country House 12mo, 1 00 

Sanitation of Reereation Camps and Parks l2nio, 1 00 

Folweli’s Sewerage (Designing, Construction, and Maintenance ) 8vo, 3 00 

Water-supply Engineering 8vo, 4 00 

Fowler's Sewage Wijrks Analyses ... 12mo, 2 00 

Fuertes’s Water-filtratior. Works t2mo, 2 .W 

Water and Public Health .. 12mo, 1 50 

Gerharrl's (luide to Sanitary Inspections 12mo, 1 50 

* Modern Paths ami Path Houses 8vo, 3 (K) 

Sanitation of Public Buildings 12mo, 1 50 

llazen’s Ch'an Water and How to C>ct It Large 12mo, 1 50 

Filtration of Public Water-supplies 8vo. 3 00 

Kinnicut. Winslow and Pratt’s Purifiiation of Sewage (In i’reparation.) 

Leach’s Inspection and Analysis of Food with S{iecial Reference to State 

Control . . . . . S\o, 7 50 

Mason’s Examination of Water (Chemical and Bactcriologic nl) . . . .12mo, 1 25 

Water-supply (Considered pnncii»ally from a Sanitary Standpoint) 

8 VO, 4 00 

* Mernman's Elements of Sanitary Enigneering 8vo, 2 00 

Ogden’s Sewer Design . 12nio, 2 00 

Parsons’s Dispos.il of Municipal Refuse 8vc), 2 00 

Prescott and VV’insIow’s Elcaiuntsol Water Bacteriology, with Special Rc-fer- 

enie to Sanitary Water Analy sis 12ino, 1 .50 

* Price’s Handbook on Sanitation . . 12ino, 1 .50 

Richards’s Cost of Cl( anru ss . . . . I'Juio. 1 00 

Cost of Pood A Study in Dielarit's 12ino. 1 dO 

Cost of Li\ mg as Mo'lilicd by S.imt;iry Sc lence IJmo, 1 00 

Cost of She'll er IJmo, I 00 

* Rk hards and Williams’s I h'-tarv ConiputcT . ... S\o, 1 .50 

Richards and Woodman's Air, W.itcr, and Food from a Sanitary Stand- 
point .. . S\o, 2 00 


♦Ruhey's PlumbcTs', Steam tiltcas’. and Tinners’ Eclitinn (Pudding 


Mechanic s’ Read\ Rifeit nee Senes) lOnio, mor 1 ,50 

Ride.il’s Disinfi'c tion and the Picservation of Pocxl Hvo, 1 00 


Sewage' and P.ictc'rial I’unfic alion ol Sc'wage 8\(t, 1 00 

Soper'- Air and \'cntil.atioTi of Subwavs 12mo, 2 .50 


T urncunre ami Kusst'11’% Public Water--ui')»lies Hvo. 5 00 

Venable ’s ( larbaj'i ( lein.itonc's m Aineric a . . 8\o, 2 00 


.Method .iml Ilc'Mics lur Pattenal Treatnu'nt cd Sewage S\u, 3 00 

Ward and \\ hippK * Freshwater Piology (In Pres, ) 

Whipple’s ^llero^loI)\ ol Drinking-Water S\o, 3 .50 

* Typhoid Fe\ei . Large ]2Tni>, 3 00 

Value e)l Pure Water . . Large 12n)o, 1 00 

Wiiiblow 'b SystematiL Relation.ship of the Cote ac e.i: Large 12mo, 2 50 


MISCELLANEOUS. 

Emmons’s C'.c ologic.al Guielc'-book of the Rockv .Mountain Excursion of the 


Inteinational Ceingtc'ss of Cit'ologists Large Hvej 1 .50 

Fcrrol's Pfjpular 3 realise on the WimL 8vo, 4 00 

Fil/gerald s Peiston Machinist bSmo, 1 00 

Cannctl's Statisiual Abslrae t of the Woild . 24mo, 75 

Hainc'.’s Aiiieruan Railwa\ M.iiiagcnii'nt . . . 12mo, 2 50 

* Hanusik’s 'I'he Mk rcccejiiy ol TLchnieal ]*roe!uct'.. tWinUm) 8vo, 5 00 

IS 



Jacobs's Betterment Briefs. A Collection of Published Papers on Or- 
ganized Industrial Efficiency Km), 

Meti'alfc’‘> Cost of Manufactures, and the Administration of Workshops K\o, 
Putnam's Nautical Charts . .S\o, 

Ricketts's History of Rensselaer Polytechnic Institute ISJl ISpf 

Large 12mo. 

Rotherham's Emphasiscil New Testament Large Svo, 

Rust's Ex -Meridian Altitinle, Azimuth and Stai tinding Table- S\o 

Standage's Decoration of Wood, (ilass. Metal, etc IJrno. 

Thome's Structural and Physiological Botany (BenmUn Hnno. 

Westermaier’s Compendium of (Icneral Botany (Sihnei.icrt S\o 

Winslow’s lilcments ol Ai>plied Microscopy . . IJnifs 


Sd 50 
5 00 
2 00 

00 
2 00 
r. 00 

L> 00 

2 00 
I 50 


HEBREW AND CHALDEE TEXT-BOOOKS. 

Gesemus’s Hebrew and Chahlee Lexu'on to the Old Te-tamenl Scnppire 

(Tregclles ) . . . Small Ito, half nu>r, 5 Oli 

Green’s Elementary Hebrew Grammar . . . . iL’mo, 1 J5 
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